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Introduction 



This handbook presents Linear Technology Corporation's 
(LTC's) diverse and innovative family of Interface prod- 
ucts. Included are application notes and design notes 
which provide information and assistance in solving inter- 
face design problem. 

LTC's RS232/RS562 Interface products contain state-of- 
the-art devices with the industry's highest ESD rating, 
lowest power dissipation and best reliability. Standard 
features include 5V and 3.3V only operation with 0.1 jiF 
charge pump capacitors, 10kV ESD protection on the 
RS232 bus pins, and full compliance with the RS232 
speacifications, including over-voltage conditions. LTC's 
flow-through pinout on all of its RS232 devices enables 
simplified printed circuit layout. 

Configurations range from 2 driver, 2 receiver parts to 
5 driver, 5 receiver devices suitable for personal 
computer serial ports and other RS232 DTE/DCE ports. 
Low power shutdown modes are available along with 
single receiver keep-alive for monitoring wake-up signals. 

LTC RS485/RS422 Interface products offerthe industry's 
lowest power dissipation by implementing a CMOS 
Schottky process which allows full compliance with 
RS485 specifications. LTC's devices have supply currents 



as low as 300|nA and support data rates up to 1 0MBit/s. 
Configurations available include single transceivers for 
half and full-duplex communications, as well as drivers 
and receivers all in industry standard pinouts. These 
differential Interface devices also support protocols such 
asRS449, RS530orV.35. 

Special Interface devices include the LTC1320 for 
combined single-ended and differential applications 
such as LocalTalk® The LTC1145 and LTC1146 are inte- 
grated isolation circuits with quiescent currents well be- 
low those of opto-isolators but with comparable speed. 

All of LTC's Interface products are available in surface 
mount SOIC packaging. We are continuing to expand 
our surface mount capabilities and now offer Shrink 
Small Outline Packages (SSOP) for some of our Interface 
devices. Contact the factory or your local sales 
representative for more information. 

If you require additional information on device 
characteristics or device reliability, please contact 
LTC Marketing at (408) 432-1900, or contact your 
local LTC Sales Representative. Thank you for your 
interest in LTC Interface products. We look forward to 
continuing to serve your interface needs in the future. 

LocalTalk is a registered trademark of Apple Computer, Inc. 
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RS232/RS422/RS485 Interface Solutions 



Complete RS232 PC Serial Ports: 3 Drivers, 5 Receivers 



10kVESD Immunity 

3V Logic Compatible 

Receiver Keep-Alive in Shutdown 

SOIC Packages (Ask about SSOP) 

Ultra Low Power (LTC1337: 1.5mW) 

Flow-Through Architecture 



0.1 jiF Capacitors 
Low Power Shutdown 
120k Baud Operation 
Capable of Mouse Driving 
3.3V or 5V Powered 



SUPPLY 
VOLTAGE 


3V 
0R5V 
LOGIC 


TYP 

POWER 

DlSS(mW) 


1 RECEIVER 
ACTIVE IN 
SHUTDOWN 


Iq IN 

SHDN 

m 


DRIVER 
DISABLE 


10kV 
ESD 


0.1^F 
CAPS 


DEVICE 
TYPE 


5 


5 


85 




1 








LT1137 


5 


5 


60 




1 


X 


X 


X 


LT1137A 


5 


5 


30 


X 


60 


X 


X 


X* 


LT1237 


5&3 


3 


30 


X 


60 


X 


X 


X* 


LT1330 


3 


3 


42 


X 


60 


X 


X 


X 


LT1331 


5&3 


3 


34 


X 


60 


X 


X 


X* 


LT1331 


5 


5 


1.5 




1 




X 


X 


LTC1337 


5 


5 


60 


X 


60 


X 


X 


X 


LT1341 


5&3 


3 


60 




1 


X 


X 


X 


LT1342 



1HF "J+ 




01nF 



'REMAINS ALIVE IN SHUTDOWN 
DEPENDING ON PART TYPE 



* Requires one 1uf capacitor 



5V Powered RS232 2 Driver/2 Receiver Circuits 



■ Rugged Bipolar Construction 

■ 10kVESD Immunity (LT1180A, LT1181A) 

■ 0.1 jaF Charge Pump Capacitors 



Immune to Latch-Up 

Low Power Shutdown 

3-State Outputs When Shut Down 



SHUTDOWN/ 
RS232AND 
TTL THREE- 
STATE OUTPUTS 


FAULT 
TOLERANT 
TO±25V 


REQ'D 
CHARGE 

PUMP 
CAPSIZE 


COMMENTS 


PART NUMBER 


Yes 


Yes 


1MF 


General Purpose Interface 


LT1080 


No 


Yes 


1MF 


Rugged MAX232 Replacement 


LT1081 


Yes 


Yes 


0.1mF 


Ideal for Surface Mount, 10kV ESD 


LT1180A 


No 


Yes 


0.1|iF 


Replaces MAX202, 232A, 10kV ESD 


LT1181A 


Yes 


Yes 


1liF 


Low Power LT1 080 


LT1280 


No 


Yes 


1MF 


Low Power LT1 081 


LT1281 




*0.1nFFORLT1180A 

LT1080, LT1180A, LT1280 
2 Dx, 2 Rx 
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*0.1nFFORLT1181A 

LT1081, LT1181A, LT1281 
2 Dx, 2 RX 



More RS232 Driver/Receiver Combinations Inside! 
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RS232/RS422/RS485 interface Solutions 



RS485 Family Features 

■ Ultra Low Power 

■ CMOS Schottky Process 

■ Designed for RS485 and RS422 Applications 

■ Three-State RS485 Outputs When Shutdown 

■ Power-Up/Down Glitch Free Outputs 

■ 10MB Operation (LTC486-489, LTC1485) 

■ Industry Standard Pinouts 

■ SOIC Available 



The LTC RS485 Advantage: Low Power 




75176 LTC485* 75172/4 LTC486/7* 

*ULTRA LOW SUPPLY CURRENT 



RS485/RS422 Interface 


DRIVERS 


RECEIVERS 


SUPPLIES 
REQUIRED 


MAX 
DATA RATE 


MAX 
SUPPLY 
CURRENT 


INDUSTRY 

STANDARD 

PINOUT 


COMMENTS 


PART NUMBER 


1 


1 


5V 


2.5MB 


500pA 


75176 


Half Duplex 2-Wire RS485 


LTC485 


4 





5V 


10MB 


150pA 


75172 


Good For RS449, RS530, V.35 Interface 


LTC486 


4 





5V 


10MB 


150pA 


75174 


Good For RS449, RS530, V.35 Interface 


LTC487 





4 


5V 


10MB 


10mA 


75173 


Good For RS449, RS530, V.35 Interface 


LTC488 





4 


5V 


10MB 


10mA 


75175 


Good For RS449, RS530, V.35 Interface 


LTC489 


1 


1 


5V 


2.5MB 


500uA 


75179 


Full Duplex 4-Wire RS485 


LTC490 


1 


1 


5V 


2.5MB 


500uA 


75ALS180 


Full Duplex 4-Wire RS485 


LTC491 


1 


1 


5V 


10MB 


3.5mA 


75ALS176B 


High Speed/Half Duplex 


LTC1485 




Other RS232 Driver/Receiver Combinations 


DRIVERS 


RECEIVERS 


SUPPLIES 
REQUIRED 


SHUTDOWN/ 
RS232and 
TTL THREE- 
STATE OUTPUTS 


FAULT 

TOLERANT 

to ±25V 


REQ'D 
CHARGE 

PUMP 
CAPSIZE 


COMMENTS 


PART NUMBER 


4 





+12 V 


Yes 


Yes 


N/A 


Low Power 1488 Upgrade 


LT1030 


4 





±12 V 


Yes 


Yes 


N/A 


Low Power 1488 Upgrade Also Supports RS423 


LT1032 


3 


3 


5V,±12V 


Yes 


Yes 


N/A 


One Receiver Active in Shutdown 


LT1039 


3 


3 


5V,±12V 


No 


Yes 


N/A 


Rugged MC1 45406 Replacement 


LT1039-16 


5 


5 


5V 


No 


Yes 


0.1 nF 


Synchronous Communications, 10kV ESD 


LT1130A 


5 


4 


5V 


Yes 


Yes 


0.1 pF 


Synchronous Modem/DCE Interface, 10kV ESD 


LT1131A 


5 


3 


5V 


No 


Yes 


0.1 nF 


Modem/DCE Interface, 10kV ESD 


LT1132A 


3 


5 


5V 


No 


Yes 


0.1pF 


PC/DTE Interface, 10kV ESD 


LT1133A 


4 


4 


5V 


No 


Yes 


0.1 mF 


5V Only 1488/1489 Replacement, 10kV ESD 


LT1134A 


5 


3 


5V,±12V 


No 


Yes 


N/A 


Modem/DCE Interface, 10kV ESD 


LT1135A 


4 


5 


5V 


Yes 


Yes 


0.1 pF 


Synchronous PC/DTE Interface, 10kV ESD 


LT1136A 


5 


3 


5V 


Yes 


Yes 


0.1pF 


Modem/DCE Interface, 10kV ESD 


LT1138A 


4 


4 


5V.12V 


Yes 


Yes 


0.1pF 


1488/1489 Replacement, 10kV ESD 


LT1139A 


5 


3 


5V,±12V 


Yes 


Yes 


N/A 


Modem/DCE Interface, 10kV ESD 


LT1140A 


3 


5 


5V,±12V 


Yes 


Yes 


N/A 


PC/DTE Interface, 10kV ESD 


LT1141A 





TECHNOLOGY 



CHflPTCR 1 : nOU PRODUCTS 



fjwm 1.1 

JMtonV TECHNOLOGY I I 




TECHNOLOGY 



INDEX 



Chapter 1: New Products 

LT1130A/LT1140A Series, Advanced Low Power 5V RS232 Drivers/Receivers with Small Capacitors 1-3 

LT1137A, Advanced Low Power 5VRS232 Transceiver with Small Capacitors 1-13 

LTC1145/LTC1146, Low Power Digital Isolator 1-20 

LT1180A/LT1181A, Low Power 5V RS232 Dual Driver/Receiver with O.ljxF Capacitors 1-24 

LT1237, 5V RS232 Transceiver with Advanced Power Management and One Receiver Active in SHUTDOWN 1-30 

LTC1320, AppleTalk®Transceiver 1-37 

LTC1 327, 3.3V Micropower El A/TIA-562 Driver/Receiver 1-44 

LT1330, 5V RS232 Transceiver with 3V Logic Interface and One Receiver Active in SHUTDOWN 1-48 

LT1831, 3VRS562 or 5V/3V RS232 Transceiver with One Receiver Active in SHUTDOWN 1-55 

LT1332, Wide Supply Range Low Power RS232 Transceiver with 12VVpp Output for FLASH Memory 1-62 

LTC1337, 5V Micropower RS232 3-Driver/5-Receiver Transceiver k 1-63 

LT1 341, 5VRS232 Transceiver with One Receiver Active in SHUTDOWN 1-67 

LT1342, 5VRS232 Transceiver with 3V Logic Interface 1-71 



i_2 /tltcab 

I £. AS*. I? TECHNOLOGY 





TECHNOLOGY 



LT1130 A/LT1 1 40A Series 

Advanced Low Power 

5V RS232 Drivers/Receivers 

with Small Capacitors 



ESD Protection over ±10kV 

Uses Small Capacitors: 0.1 joF, 0.2jliF 

1jliA Supply Current in SHUTDOWN 

Operates to 120k Baud 

CMOS Comparable Low Power 

Operates from a Single 5V Supply 

Easy PC Layout: Flowthrough Architecture 

Rugged Bipolar Design: Absolutely No Latch-Up 

Outputs Assume a High Impedance State When Off 

or Powered Down 

Improved Protection: RS232 I/O Lines Can be Forced 

to ±30V Without Damage 

Output Overvoltage Does Not Force Current Back 

Into Supplies 

Available in SO and SSOP Packages 



The LT1 1 30A/LT1 140A series of RS232 drivers/receivers 
features special bipolar construction techniques which 
protect the drivers and receivers beyond the fault condi- 
tions stipulated for RS232. Driver outputs and receiver 
inputs can be shorted to ±30V without damaging the 
device or the power supply generator. In addition, the 
RS232 I/O pins are resilientto multiple ±1 OkV ESD strikes. 
An advanced driver output stage operates up to 1 20kBaud 
while driving heavy capacitive loads. Supply current is 
typically 12mA, competitive with CMOS devices. 

Several members of the series include flexible operating 
mode controls. The Driver Disablepin disables the drivers 
and the charge pump, the ON/OFF pin shuts down all 
circuitry. While shut down, the drivers and receivers 
assume high impedance output states. 



Basic Operation 



0.1 nF 



2x0 1|iF 



TO LINE 




12x0 



W~J+ 



01nF 



DRIVER IN 
RXOUT 
DRIVER IN 
RXOUT 
RXOUT 
RXOUT 
DRIVER IN 
RXOUT 

GND 

DRIVER DISABLE 



Output Waveforms 




LT1130A 5-Driver/5-Receiver RS232 Transceiver LT1136A 4 

LT1131A 5-Driver/4-Receiver RS232 Transceiver w/Shutdown LT1137A 3 

LT1132A 5-Driver/3-Receiver RS232 Transceiver LT1138A 5 

LT1133A 3-Driver/5-Receiver RS232 Transceiver LT1139A 4 

LT1134A 4-Driver/4-Receiver RS232 Transceiver LT1140A5- 

LT1135A5-Driver/3-ReceiverRS232Transceiverw/o Charge Pump LT1141A3- 



■Driver/5-Receiver RS232 Transceiver w/Shutdown 
■Driver/5-Receiver RS232 Transceiver w/Shutdown 
■Driver/3-Receiver RS232 Transceiver w/Shutdown 
■Driver/4-Receiver RS232 Transceiver w/Shutdown 
Driver/3-Receiver RS232 Transceiver w/o Charge Pump 
Driver/5-ReceiverRS232 Transceiver w/o Charge Pump 
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LT1130A/LT1140A Series 



rbsolutc mnximum nnnnGs (M ei) 

Supply Voltage (Vcc) 6V Short-Circuit Duration 



V + 13.2V 

V" -13.2V 

Input Voltage 

Driver V"toV + 

Receiver -30V to 30V 

On/Off Pin -0.3V to 12V 

Driver Disable Pin -0.3V to V C c + 0.3V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3VtoV C c + 0.3V 



V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT113XAC/LT114XAC 0°Cto70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PRODUCT S€l€CTIOn TflBl€ 



Part Number 


Power Supply Voltages* 


Shutdown 


Driver Disable 


Drivers 


Receivers 


External Components 


LT1130A 


5 


No 


No 


5 


5 


4 Capacitors 


LT1131A 


5 


Yes 


Yes 


5 


4 


4 Capacitors 


LT1132A 


5 


No 


No 


5 


3 


4 Capacitors 


LT1133A 


5 


No 


No 


3 


5 


4 Capacitors 


LT1134A 


5 


No 


No 


4 


4 


4 Capacitors 


LT1135A 


5,12,-12 


No 


No 


5 


3 


None 


LT1136A 


5 


Yes 


Yes 


4 


5 


4 Capacitors 


LT1137A 


5 


Yes 


Yes 


3 


5 


4 Capacitors 


LT1138A 


5 


Yes 


Yes 


5 


3 


4 Capacitors 


LT1139A 


5,12 


Yes 


No 


4 


4 


2 Capacitors 


LT1140A 


5,12,-12 


Yes 


Yes 


5 


3 


None 


LT1141A 


5,12,-12 


Yes 


Yes 


3 


5 


None 



*The LT1 1 30A, LT1 1 31 A, LT1 1 32A, LT1 1 34A, LT1 1 36A, LT1 1 37A and LT1 1 38A can operate with 5V and 1 2V supplies and two external capacitors. 
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5-DRIVER/5-RECEIVER 

TOP VIEW 

-^7 — I—, 

28] \r 

27] C2~ 
26] C2 + 
lU DRIVER IN 
24] RXOUT 
23] DRIVER IN 
22] RXOUT 




N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 

(600" WIDE) (300" WIDE) 

Tj MA x = 15O°C,0j A = 56°C/W(N) 
TjMAX = 150°C,ejA = 68°C/W(S) 



ORDER PART 
NUMBER 



LT1130ACN 
LT1130ACS 



5-DRIVER/4-RECEIVER WITH SHUTDOWN 

2| V 

27] C2" 

26] C2 + 

25] DRIVER IN 

24] RXOUT 

23] DRIVER IN 

22] RXOUT 

fD DRIVER IN 

20] RXOUT 

19] DRIVER IN 

18] RXOUT 

17] DRIVER IN 

T|] GND 

15] DRIVER DISABLE 

N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 

(600" WIDE) (300* WIDE) 

TjMAX = 150 o C,ejA = 56°C/W(N) 
TjMAX = 150 o C,ej A = 68 o C/W(S) 




ORDER PART 
NUMBER 



LT1131ACN 

LT1131ACS 



1-4 
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LT1130A/LT1 140A Series 



PRCKRG€/ORD€R IDFORmRTIOn 



5-DRIVER/3-RECEIVER 




N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

(300" WIDE) (300" WIDE) 



T JMAX = 150 o C,ejA = 58°C/W(N) 
TjMAX = 150°C,ejA = 80 o C/W(S) 



ORDER PART 
NUMBER 



LT1132ACN 
LT1132ACS 



3-DRIVER/5-RECEIVER 




N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

(300" WIDE) (300" WIDE) 



Tj M Ax = 150°C,ej A = 58°C/W(N) 
TjMAX = 150 o C,8jA = 80°C/W(S) 



ORDER PART 
NUMBER 



LT1133ACN 
LT1133ACS 



4-DRIVER/4-RECEIVER 




24] V" 
23] C2" 
H] C2 + 
H] DRIVER IN 
20j RXOUT 
19] DRIVER IN 
lU RXOUT 
JH DRIVER IN 
lU RXOUT 
15] DRIVER IN 
14] RXOUT 
13] GND 



N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

(300" WIDE) (300" WIDE) 



TjMAX = 150°C,ejA = 58°C/W(l\l) 
TjMAX = 150°C,ejA = 80°C/W(S) 



ORDER PART 
NUMBER 



5-DRIVER/3-RECEIVER 
WITHOUT CHARGE PUMP 



LT1134ACN 
LT1134ACS 



12VV |T LT1135A M -12VV 
5VV C c [7 I °^"IH DRIVER IN 

DRIVER OUT (T -*i o^Hl 

DRIVER OUT [T -lr 



"U" 



-o^- 18] DRIVER IN 
I ■ H] RX OUT 

RX IN [J — 1| <<J- 16] DRIVER IN 

DRIVER OUT |T — 'j— «<J- H DRIVER IN 

DRIVER OUT [7 "i £>o- u\ RX OUT 

RX IN QT ^r~*<J" H DRIVER IN 

DRIVER OUT (T '|-^°- lU RX OUT 

RX IN QJO ' TT] GND 



N PACKAGE S PACKAGE 

20-LEAD PLASTIC DIP 20-LEAD PLASTIC SOL 

( 300' WIDE) ( 300" WIDE) 



Tjmax = 150°C,8ja = 79°C/W(I\I) 
Tjmax = 15O°C,0ja = 85 o C/W(S) 



ORDER PART 
NUMBER 



LT1135ACN 
LT1135ACS 



4-DRIVER/5-RECEIVER WITH SHUTDOWN 

TOP VIEW 



5VV CC [T 

ci + |7 
cr [7 

DRIVER OUT [T 

rxin Qp-'r 

DRIVER OUT [7 — l 
RXIN [T 

DRIVER OUT [7 
RXIN QO 

DRIVER OUT QT 

RXIN Q| 

RXIN Ql 

ON/OFF Q4 




28] V" 
27] C2" 
26] C2 + 
|jj] DRIVER IN 
24] RXOUT 
o<-23] DRIVER IN 
22] RXOUT 
13 DRIVER IN 
20] RXOUT 
19] DRIVER IN 
18] RXOUT 
17] RXOUT 
16] GND 
1JD DRIVER DISABLE 



ORDER PART 
NUMBER 



LT1136ACN 
LT1136ACS 



3-DRIVER/5-RECEIVER WITH SHUTDOWN 

TOP VIEW 
5VV C c U 

C1 + LT 
cr [T 

DRIVER OUT [T 

RXIN [7 
DRIVER OUT JT 

RXIN [7 

RXIN [T 

RXIN [TO 



DRIVER OUT 

RXIN Q| 

ON/OFF 01 

NC 01 




ORDER PART 
NUMBER 



LT1137ACG 
LT1137ACN 
LT1137ACS 



ut 01 — ^rl>°- m 

IN 01 ' 17] 



RXOUT 
17] GND 

16] DRIVER DISABLE 
15] NC 



N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 

(600" WIDE) (300" WIDE) 

TjMAX = 150°C,e JA = 56°C/W(l\l) 
TjMAX = 150°C,ejA = 68°C/W(S) 



G PACKAGE N PACKAGE S PACKAGE 

28-LEAD PLASTIC SSOP 28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 

(300" WIDE) (600" WIDE) (300" WIDE) 

TjMAX = 150°C,ejA = 96°C/W(G) 
Tj M AX = 150°C,ej A = 56°C/W(N) 
TjMAX = 150 o C > e JA = 68 o C/W(S) 
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LT1130A/LT1140A Series 
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5-DRIVER/3-RECEIVER WITH SHUTDOWN 

TOP VIEW 



5VV CC [J 
C1 + |T 

cr [7 

DRIVER OUT \J 
DRIVER OUT [7 

RXIN [T 
DRIVER OUT \T 

RXIN [? 
DRIVER OUT [TO 

RXIN Ql 

DRIVER OUT jTg 

ON/OFF Ql 

NC [l4 



LT1138A 



28] V 
27] C2" 
26] C2 + 
25] DRIVER IN 
24] DRIVER IN 



J i [>o- 23] RXOUT 

J, — *d-r 




o^- 22] DRIVER IN 
IT] RXOUT 
20] DRIVER IN 
19] RXOUT 
Hj DRIVER IN 
17] GND 

16] DRIVER DISABLE 
H NC 



G PACKAGE N PACKAGE S PACKAGE 

28-LEAD PLASTIC SSOP 28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 

(300" WIDE) (600" WIDE) (300" WIDE) 

Tj M AX = 150°C,ejA = 96°C/W(G) 
TjMAX = 150 o C,ej A = 56 o C/W(N) 
TjMAX = 150 o C ) e J A = 68 o C/W(S) 



ORDER PART 
NUMBER 



LT1138ACG 
LT1138ACN 
LT1138ACS 



4-DRIVER/4-RECEIVER WITH SHUTDOWN 
WITH 12V AND 5V SUPPLIES 



23] C" 

m c + 

2l] DRIVER IN 
■£*>■ 20j RX OUT 

j|] DRIVER IN 
■|>o- l|] RX OUT 

17] DRIVER IN 
£X>-T6] RXOUT 
«<}- 15] DRIVER IN 
\>o- u\ RX OUT 




13] GND 



N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

(300" WIDE) (300" WIDE) 

TjMAX = 150°C,e JA = 58°C/W(N) 
TjMAX = 150 o C,ejA = 80 o C/W(S) 



ORDER PART 
NUMBER 



LT1139ACN 
LT1139ACS 



5-DRIVER/3-RECEIVER WITH SHUTDOWN 
WITHOUT CHARGE PUMP 



ORDER PART 
NUMBER 



12V V* 

5VVcc 

NC 

DRIVER OUT 

DRIVER OUT 

RXIN 

DRIVER OUT 

DRIVER OUT 

RXIN 

DRIVER OUT 

RXIN 

ON/OFF 




24] -12V V" 

23] NC 

22] DRIVER IN 

2j] DRIVER IN 

20) RXOUT 

|T — 'i o^- l|] DRIVER IN 

Gl — |~" — °^" M DRIVER IN 

1| ^o- 17] RX OUT 

16] DRIVER IN 

Qo 'r-^>°- H] RX OUT 

QT 1 U\ GND 

[12 13] DRIVER DISABLE 



LT1140ACN 

LT1140ACS 



N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

(300" WIDE) (300" WIDE) 

TjMAX = 150 o C i e J A = 58 o C/W(N) 
TjMAX = 150°C,ejA = 80 o C/W(S) 



3-DRIVER/5-RECEIVER WITH SHUTDOWN 
WITHOUT CHARGE PUMP 



24] -12V V" 

23} NC 

22] RXOUT 

ID DRIVER IN 

|j] RX0UT 

19] DRIVER IN 

18] RXOUT 

T7] DRIVER IN 

H] RXOUT 

15] RXOUT 

14] GND 

13] DRIVER DISABLE 

N PACKAGE S PACKAGE 

24-LEAD PLASTIC DIP 24-LEAD PLASTIC SOL 

(300" WIDE) (300" WIDE) 

TjMAX = 150°C ) e J A = 58°C/W(N) 
TjMAX = 150 o C,ejA = 80 o C/W(S) 



ORDER PART 
NUMBER 




LT1141ACN 
LT1 141 ACS 



€L€CTRICRL CHRRRCTCRISTICS 



(Note 2) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Power Supply Generator 



V + Output 






8.6 


V 


V" Output 






-7.8 


V 


5V V cc Supply Current: LT1 1 30A, LT1 1 31 A, LT1 1 32A, 
LT1133A, LT1134A, LT1136A, LT1138A 


(Note 3) 





15 


25 


mA 


5VV CC Supply Current: LT1135A, LT1140A, LT1141A 


(Note 3), V + 


= 12V,V" = -12V 


o 


8 


15 


mA 


5VV C c Supply Current: LT1137A 


(Note 3) 





12 


17 


mA 


5V V C c Supply Current: LT1139A 


(Note 3), V + 


= 12V 


© 


8 


15 


mA 
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LT1130A/LT1140A Series 


CieCTMCAl CHnRnCT€ftlSTICS( No te2) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


12VV + Supply Current: LT1135A, LT1140A, LT1141A 


(l\lote3),V- = -12V 


• 




1 


4 


mA 


12V V + Supply Current: LT1139A 


(Note 3) 


o 




6 


10 


mA 


-12VV- Supply Current: LT1135A, LT1140A, LT1141A 


(Note3)V + = 12V 


o 




2 


6 


mA 


Supply Current when OFF (Vcc) 


SHUTDOWN (Note 4) 
DRIVER DISABLE 


o 




1 
4 


10 


MA 
mA 


Supply Rise Time 
SHUTDOWN to Turn-On 


C1,C2,C + ,C-=1.0mF 
C + ,C- = 0.1|nF, C1,C2 = 0.2|iF 




2.0 
0.2 


ms 
ms 


ON/OFF Pin Thresholds 


Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 



® 


2.4 


1.4 
1.4 


0.8 


V 
V 


ON/OFF Pin Current 


0V< Von/off ^5V 


Q 


-15 




80 


MA 


DRIVER DISABLE Pin Thresholds 


Input Low Level (Drivers Enabled) 
Input High Level (Drivers Disabled) 


© 


2.4 


1.4 
1.4 


0.8 


V 
V 


DRIVER DISABLE Pin Current 


OV < VpjRivER DISABLE ^ 5V 





-10 




500 


HA 


Oscillator Frequency 






130 


kHz 


Any Driver 


Output Voltage Swing 


Load = 3ktoGND Positive 
Negative 




o 


5 


7.3 
-6.5 


-5 


V 
V 


Logic Input Voltage Level 


Input Low Level (Vout = High) 
Input High Level (Vout = low) 







2 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V < Vim <2V 


© 




5 


20 


MA 


Output Short-Circuit Current 


V O ut = 0V 




±17 


mA 


Output Leakage Current 


SHUTDOWN Vout = ±30V (Note 4) 


o 




10 


100 


MA 


Slew Rate 


R L = 3k,C L = 51pF 
R L = 3k,C L = 2500pF 






15 
6 


30 


V/jos 

V/jjs 


Propagation Delay 


Output Transition tHL High-to-Low (Note 5) 
Output Transition ti_H Low-to-High 






0.6 
0.5 


1.3 
1.3 


MS 
MS 


Any Receiver 


Input Voltage Thresholds 


Input Low Threshold (Vout = High) 
Input High Threshold (Vout = Low) 






0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 




© 


0.1 


0.4 


1 


V 


Input Resistance 






3 


5 


7 


kQ 


Output Voltage 


Output Low, Iout = -1 -6mA 

Output High, I 0U t = 160jjA (V cc = 5V) 


e 


3.5 


0.2 
4.2 


0.4 


V 
V 


Output Leakage Current 


SHUTDOWN (Note 4) < V 0U t ^ V cc 







1 


10 


ma 


Output Short-Circuit Current 


Sinking Current, Vout = Vcc 
Sourcing Current, Vout = OV 




10 


-20 
20 


-10 


mA 
mA 


Propagation Delay 


Output Transition t H |_ High-to-Low (Note 6) 
Output Transition t|_H Low-to-High 






250 
350 


600 
600 


ns 
ns 



The ©denotes specifications which apply over the operating temperature 

range (0°C < T A < 70°C for commercial grade and -40°C < T A < 85°C for 

industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 

of the device may be impaired. 

Note 2: Testing done at Vcc = 5V and Von/off = 3V. 

Note 3: Supply current is measured with driver and receiver outputs 

unloaded and the driver inputs tied high. 

Note 4: Supply current and driver leakage current measurements in 

SHUTDOWN are performed with Von/off = 0.1V. Supply current measure- 



ments using DRIVER DISABLE are performed with Vdriver disable = 3V. 
For LT1 1 35, LT1 1 39, LT1 1 40 and LT1 1 41 with 1 2V supplies, V 0U t leakage 
is 200pA for Vout forced to +25V. 

Note 5: For driver delay measurements, R|_ = 3k and C|_ = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tm. = 1 .4V to OV and t|_H = 1 .4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard TTLyCMOS logic threshold (t H i_ = 1 -3V to 2.4V and t LH = 1 TV 
to 0.8V). 
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LT1130A/LT1140A Series 



TYPICAL PCRFORflfinnCC CHRRRCT€RISTICS 



Driver Output Voltage 



R L = 3k 


OUTPUT HIGH | 








| 


/ 4 








v c 


C = 5.5VV/ 
C = 4.5V / 










Vc 
























v r 


C = 4.5 


V 










V 


x\ 










Vc 


C = 0.0 v v ^ 


k 












\A' 












X 










n 


ITDIIX 1 r\\M 










1 











-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 





Supply Currenl 


in SHUTDOWN 


< 
=*- in 
















Y- 10 

cc 
cc 

o 

>- 

^ 1 
















CO 

n -\ 

















-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



Receiver Input Thresholds 



Supply Current vs Data Rate 



3.00 

2.75 

_2.50 
> 

lu2.25 

§2.00 

o 

>1.75 

§21 .50 

CO 

£1.25 

n: 

•"1.00 
0.75 
0.50 

















100 

90 

80 

f 70 

§ 60 

cc 

§ 50 
o 
>j 40 

= 30 

CO 

20 
10 







I 
5 DRIVERJ 
























R L = 3k 
























-C|_ - 2500pF, 




































INPUT HIGH 
















































INPUT LOW 










-3 DRIVtM - 
R L = 3k 
























C L = 2500pF 



























































-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



Supply Current in 
DRIVER DISABLE 



4 
3 
2 



-55 -25 25 50 75 
TEMPERATURE (°C) 



100 125 



25 50 75 100 125 150 
DATA RATE (kBaud) 



LT1130A»TPC03 



DRIVER DISABLE Threshold 



3.0 
2.5 

§ 2.0 

o 

S 1-5 

—J 

o 

<*> 4 n 

£ 10 

x: 
05 



-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



LT1137A«TPC06 



ON/OFF Thresholds 



Supply Current 



Driver Leakage in SHUTDOWN 



3.0 

25 
> 

§ 20 

_j 
o 

3 15 

O 

I 1-0 

IE 
I— 

0.5 



































ON 


THRES 


HOLD 
























OFF 


THREJ 


HOLD 























-55 -25 25 50 75 100 125 

TEMPERATURE (°C) 

LT1137A«TPC07 



25 



>j 20 



I 












5 DRIVER, 


























3 DP 


IVER 












-1DF 














IVLR 














-NOL 


OAD- 





















































-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



100 



s 10 



3 1 



0.1 







































































































































v c 


UT = 30V-^ 










— Vni 


T -_3n\/-rA 








— V 0U 













































































-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



LT1137A»TPC09 
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/.'k/ TECHNOLOGY 



LT1130A/LT1140A Series 



TVPICfll P€RFORmnnC€ CHflRflCTCMSTICS 



Driver Short-Circuit Current 



Receiver Short-Circuit Current 



























4SC + 




























^sc _ 

































-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



LT1137A»TPC10 



SHUTDOWN to Driver Output 



DRIVER 10 
OUTPUT HIGH 

R L = 3k 5 


DRIVER 5 
OUTPUT LOW 

R L = 3k -10 

ON/OFF PIN 




£ 10 























4sc- 












ISC + 











































-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



LT1137A-TPC11 



Driver Output Waveforms 







DRIVER OUTPUT 
R L = 3k 

DRIVER OUTPUT 

R L = 3k 

C L = 2500pF 

INPUT 









pin Funcnons 

Vrjrj: 5V Input Supply Pin. Supply current drops to zero in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 juF ceramic capacitor close to the package pin. Insuf- 
ficient supply bypassing can result in low output drive 
levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: Control the operation mode of the device and is 
TTL/CMOS compatible. A logic low puts the device in the 
SHUTDOWN mode which reduces input supply curent to 
zero and places all of the drivers and receivers in high 
impedance state. A logic high fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 



in a high impedance state. Receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic low level fully enables the transceiver. A logic 
low on the ON/OFF pin supersedes the state of the Driver 
Disable pin. Supply current drops to 4mA when in DRIVER 
DISABLE mode. 

V + : Positive Supply Output (RS232 Drivers). V + - 2V C c - 
1 .5V. This pin requires an external charge storage capaci- 
tor C > 1 .OjliF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V" pins may be paralleled into 
common capacitors. For large numbers of transceivers, 
increasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 
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LT11 30A/LT1 1 40A Series 



pin Funaions 

V~: Negative Supply Output (RS232 Drivers). V« -(2V C c 
- 2.5V). This pin requires an external charge storage 
capacitor C > 0.1 joF. V" is short-circuit proof for 
30 seconds. 

C1 + ,Cr,C2 + ,C2~:Commutating Capacitor Inputs. These 
pins require two external capacitors C > 0.2jaF: one from 
C1 + to C1~, and another from C2 + to C2~. To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 2a For C > 1|oF, low ESR 
tantalum capacitors work well in this application, al- 
though small value ceramic capacitors may be used with 
a minimal reduction in charge pump compliance. In 
applications where larger positive voltages are available, 
such as 1 2V, C1 may be omitted and the positive voltage 
may be connected directly to the C1 + pin. In this mode of 
operation, the V + pin should be decoupled with a 0.1 liF 
ceramic capacitor. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 



Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, V C c = 0V, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V" + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. Outputs are fully 
short-circuit protected to ground or Vcc with the power 
on, off, or in SHUTDOWN mode. 



€SD PROT€CTIOn 

The RS232 line inputs of the LT1 1 30A/LT1 1 40A series of 
RS232 Driver/Receivers have on-chip protection from 
ESD transients up to ±1 OkV. The protection structures act 
to divert the static discharge safely to system ground. In 
order for the ESD protection to function effectively, the 
power supply and ground pins of the LT1 1 30A/LT1 1 40A 
must be connected to ground through low impedances. 
The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is 
that low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V + , V" and GND shorted to ground or connected with low 
ESR capacitors. 



ESD Test Circuit 




+j 

DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT 

GND 

DRIVER DISABLE 

LT1130A.ESDTC 
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TECHNOLOGY 



LT1 1 30A/LT1 1 40A Series 



typical flPPiicRTions 



Operation Using 5V and 12V Power Supplies 



0.01 nF 



1 



12V V + - 

o.oi hf : 



C1 + 



TO LINE < 



cr 

DRIVER OUT 
RXIN 

DRIVER OUT 
RXIN 
RXIN 
RXIN 

DRIVER OUT 
RXIN 

ON/OFF = 5V 



LT1137A 



■1HF "J+ 




r oh 




01nF 



RX OUT 

1>0- — RX OUT 

■ 20 

— RX OUT 
19 



• DRIVER IN 
■ RX OUT 



)- TO LOGIC 



GND 

DRIVER DISABLE 



Typical Mouse Driving Application 




0.1 mF 



MOUSE DATA 
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LT1130A/LT1140A Series 



typical nppucnnons 



Sharing Power Supply Generator with a Second Transceiver 




1-12 
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TECHNOLOGY 



LT1137A 



Advanced Low Power 

5V RS232 Transceiver with 

Small Capacitors 



a ESD Protection over ±10kV 

a Uses Small Capacitors: 0.1 jnF, 0.2juF 

□ 1jjA Supply Current in SHUTDOWN 

□ Pin Compatible with LT1 137 
a Operates to 120k Baud 

□ CMOS Comparable Low Power: 60mW 
a Operates from a Single 5V Supply 

□ Easy PC Layout: Flowthrough Architecture 
n Rugged Bipolar Design 

n Outputs Assume a High Impedance State When Off 
or Powered Down 

□ Improved Protection: RS232 I/O Lines Can Be Forced 
to +30V without Damage 

□ Output Overvoltage Does Not Force Current Back 
into Supplies 

a Absolutely No Latch-up 

□ Available in SO and SSOP Packages 

a Notebook Computers 
a Palmtop Computers 



The LT1 137A is a three-driver, five-receiver RS232 trans- 
ceiver, pin compatible with the LT1137, offering perfor- 
mance improvements and two SHUTDOWN modes. The 
LT1 1 37A's charge pump is designed for extended compli- 
ance, and can deliver over 40mA of load current. Supply 
current is typically 1 2mA, competitive with similar CMOS 
devices. An advanced driver output stage operates up to 
120k baud while driving heavy capacitive loads. 

The LT1 1 37A is fully compliant with all EIA-RS232 speci- 
fications. Special bipolar construction techniques protect 
the drivers and receivers beyond the fault conditions 
stipulated for RS232. Driver outputs and receiver inputs 
can be shorted to ±30V without damaging the device or 
the power supply generator. In addition, the RS232 I/O 
pins are resilient to multiple ±10kV ESD strikes. 

The transceiver has two SHUTDOWN modes. One mode 
disables the drivers and the charge pump, the other shuts 
down all circuitry. While shut down, the drivers and 
receivers assume high impedance output states. 



YVPmi (ftMB«®(n) 



D.ljiF "T+ 




0.1 nF 



TO LOGIC 



Output Waveforms 
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LT1137A 



flBsoiuT€ mnximum nnnnGs 

(Notel) 

Supply Voltage (V C c) 6V 

V + 13.2V 

V" -13.2V 

Input Voltage 

Driver V"toV + 

Receiver -30V to 30V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3V to V C c + 0.3V 

Short Circuit Duration 

V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1137AC 0°Cto70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PflCKflG€/ORD€R inFORflMTIOn 



v + [T 

5VV CC |T 

C1 + [T 
cr \T 

DRIVER OUT QT 
RXIN QF 

DRIVER OUT \T 
RXIN QT 
RXIN \£ 
RXIN |10 

DRIVER OUT ITT 

RXIN |12 

ON/OFF [13 

NC [W 



N PACKAGE 
28-LEAD PLASTIC DIP 




Tjmax = 15O°C i 0ja=56°C/W(N) 
TjMAX=150°C,ejA=85 o C/W(S) 
Tjmax=15O o C,0j A = 96 o C/W(G) 



ORDER PART 
NUMBER 



LT1137ACN 
LT1137ACS 
LT1137ACG 



€l€CTMCfll CHflRflCT€MSTICS (Note 2) 


PARAMETER | CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply Generator 


V + Output 






8.6 


V 


V" Output 






-7.8 


V 


Supply Current (Vcc) 


(Note 3) 







12 


17 


mA 


Supply Current When OFF (V C c) 


SHUTDOWN (Note 4) 
DRIVER DISABLE 







1 
4 


10 


MA 
mA 


Supply Rise Time 
SHUTDOWN to Turn-On 


C1 I C2,C + i C- = 1nF, 

C + , C- = 0.1fjF, C1, C2 = 0.2joF 




2.0 
0.2 


ms 
ms 


ON/OFF Pin Thresholds 


Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 






2.4 


1.4 
1.4 


0.8 


V 
V 


ON/OFF Pin Current 


0V< Von/off ^5V 





-15 




80 


MA 


Driver Disable Pin Thresholds 


Input Low Level (Drivers Enabled) 
Input High Level (Drivers Disabled) 






2.4 


1.4 
1.4 


0.8 


V 
V 


Driver Disable Pin Current 


0V < Vqriver disable ^ 5V 





-10 




500 


MA 


Oscillator Frequency 






130 


kHz 
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LT1137A 



€l€CTRICRl CHARACTERISTICS (Note 2) 


PARAMETER 


CONDITIONS 




MIN 


TYP 


MAX 


UNITS 


Any Driver 


Output Voltage Swing 


Load = 3ktoGI\ID Positive 

Negative 


o 




5.0 


7.5 
-6.3 


-5.0 


V 
V 


Logic Input Voltage Level 


Input Low Level (Vout = High) 
Input High Level (Vout = Low) 


o 
o 


2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V<V| N <2V 


o 




5 


20 


MA 


Output Short-Circuit Current 


V OUT = 0V 




±17 


mA 


Output Leakage Current 


SHUTDOWN Vout = ±25V (Note 4) 


o 




10 


100 


ma 


Slew Rate 


R L = 3k,C L = 51pF 
R L = 3k,C L = 2500pF 




4 


15 
15 


30 


V/ps 
V/|iS 


Propagation Delay 


Output Transition tm_ High to Low (Note 5) 
Output Transition t|_H Low to High 






0.6 
0.5 


1.3 
1.3 


MS 


Any Receiver 


Input Voltage Thresholds 


Input Low Threshold (Vout = High) 
Input High Threshold (Vout = Low) 






0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 




o 


0.1 


0.4 


1.0 


V 


Input Resistance 






3 


5 


7 


kQ 


Output Voltage 


Output Low, Iout = -1 -6mA 

Output High, I 0U t = 160jjA (V cc = 5V) 




o 


3.5 


0.2 
4.2 


0.4 


V 
V 


Output Leakage Current 


SHUTDOWN (Note 4) < V 0U t * V cc 


o 




1 


10 


MA 


Output Short-Circuit Current 


Sinking Current, Vqut = Vcc 
Sourcing Current, Vout = OV 




10 


-20 
20 


-10 


mA 
mA 


Propagation Delay 


Output Transition tm. High to Low (Note 6) 
Output Transition t|_H Low to High 






250 
350 


600 
600 


ns 
ns 



The odenotes specifications which apply over the operating temperature 

range (0°C < T A < 70°C for commercial grade, and -40°C < T A < 85°C for 

industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 

of the device may be impaired. 

Note 2: Testing done at Vcc = 5V and Vqn/off = 3V. 

Note 3: Supply current is measured with driver and receiver outputs 

unloaded and the driver inputs tied high. 

Note 4: Supply current and leakage current measurements in SHUTDOWN 

are performed with Von/off = 0.1V. Supply current measurements using 

DRIVER DISABLE are performed with Vdriver disable = 3V. 



Note 5: For driver delay measurements, R|_ = 3k and C|_ = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (% = 1 .4V to 0V and t|_H = 1 .4V to 0V). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t H i_ = 1 .3V to 2.4V and t LH = 1 .7V 
to 0.8V). 
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TYPicni p€RFonmnnc€ charactcristics 



Driver Output Voltage 



Receiver Input Thresholds 



Supply Current vs Data Rate 
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TVPICRL P€RFORmnnC€ CHflRnCT€RISTICS 



Driver Short-Circuit Current 



Receiver Short-Circuit Current 
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SHUTDOWN to Driver Output 


DRIVER 10 
OUTPUT HIGH 

R L = 3k 5 


DRIVER 5 
OUTPUT LOW 

R L = 3k -10 








ON/OFF PIN 











Driver Output Waveforms 




pin Funaions 

Vrjrj: 5V Input Supply Pin. Supply current drops to zero in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 jiF ceramic capacitor close to the package pin. Insuf- 
ficient supply bypassing can result in low output drive 
levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Operating Mode Control. 
A logic low puts the device in the SHUTDOWN mode which 
reduces input supply current to zero and places all of the 
drivers and receivers in high impedance state. A logic high 
fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 



in a high impedance state. Receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic-low level fully enables the transceiver. A logic 
low on the On/Off pin supersedes the state of the Driver 
Disable pin. Supply current drops to 4mA when in DRIVER 
DISABLE mode. 

V + : Positive Supply Output (RS232 Drivers). V + - 2V C c - 
1 .5V. This pin requires an external charge storage capaci- 
tor C > 0.1 |LiF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V" pins may be paralleled into 
common capacitors. For large numbers of transceivers, 
increasing the size of the shared common storage capaci- 
tors is recommended to reduce ripple. 
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LT1137A 



pin Funaions 

V": Negative Supply Output (RS232 Drivers). V"«-(2V C c 
- 2.5V). This pin requires an external charge storage 
capacitor C > 0.1 nF. V" is short-circuit proof for 30 
seconds. 

C1 + , C1", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C > 0.2|nF: one from 
C1 + to C1~, and another from C2 + to C2". To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 2Q,. For C > 1|iF, low ESR 
tantalum capacitors work well in this application, although 
small value ceramic capacitors may be used with a mini- 
mal reduction in charge pump compliance. In applications 
where larger positive voltages are available, such as 12V, 
C1 may be omitted and the positive voltage may be 
connected directly to the C1 + pin. In this mode of opera- 
tion, the V + pin should be decoupled with a 0.1 jnF ceramic 
capacitor. 

DRIVER IN: RS232 Driver Input Pins.- These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 



Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, V C c = 0V, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkVfor 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. Outputs are fully 
short-circuit protected to ground or Vcc with the power 
on, off, or in SHUTDOWN mode. 



€SD PROTCCTIOn 

The RS232 line inputs of the LT1137A have on-chip 
protection from ESD transients up to ±1 OkV. The protec- 
tion structures act to divert the static discharge safely to 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1137A must be connected to ground through low 
impedances. The power supply decoupling capacitors and 
charge pump storage capacitors provide this low imped- 
ance in normal application of the circuit. The only con- 
straint is that low ESR capacitors must be used for 
bypassing and charge storage. ESD testing must be done 
with pins Vcc, V + , V" and GND shorted to ground or 
connected with low ESR capacitors. 



ESD Test Circuit 




o.1hFZ*z 

0.2nF J + 

DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT 

GND 

DRIVER DISABLE 

LT1137A«ESDTC 
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typical nppucnnons 



Operation Using 5V and 12V Power Supplies 



0.1 ^f: 



■ 5VV nr 



0.01 m-F 



I 



12V V + - 
0.01nF : 



C1 + 



TO 
LINE 



cr 

DRIVER OUT 
RXIN 

DRIVER OUT 
RXIN 
RXIN 
RXIN 

DRIVER OUT 
RXIN 

ON/OFF = 5V 



LT1137A 




1HF ^J + 




O.lpiF 



■ RX OUT 

■ DRIVER IN 

■ RX OUT 
• RX OUT 

-^O-pH- RX OUT 

— DRIVER IN 

— RX OUT 
17 GND 



y TO LOGIC 



16 



DRIVER 



15 DISABLE 



Typical Mouse Driving Application 



LT1137A«TA03 



" L - L -2x0.1^F -TJ°^ F 
LOGIC "0" 



LOGIC "0" 
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LTC1145/LTC1146 



Low Power Digital Isolator 

February 1993 



F€flTUR€S 

■ Greater Than 2500V Isolation 

■ Higher Voltage Options Available 

■ Low Input Current 

LTC1 145:600mA 
LTC1 146:60mA 

■ Maximum Input Frequency 

LTC1 145: 200kbps 
LTC1 146: 20kbps 
b TTL Level Output 

■ Noise Filter Prevents Glitches at the Output 

■ Output Can Be Synchronized to an External Clock 

nppucniions 

■ Low Power Opto-lsolator Replacement 

■ Isolated Serial Data Interfaces 

■ Isolated Power MOSFET Drivers 



D€SCMPTIOn 

The LTC1145/LTC1146 provide 2500V of input to output 
isolation for TTL digital/CMOS signals. But unlike opto- 
isolators,theinputcurrentisamere60(jAfortheLTC1146 
which can handle frequencies up to 20kbps. The faster 
LTC1 145 will handlefrequencies up to 200kbps while only 
drawing 600mA. 

The output signal is in phase with the input, and swings 
between GND2 and Vcc providing a TTL/CMOS compat- 
ible signal without any pull-up resistors. An on-chip noise 
filter helps prevent glitches and data errors at the output, 
and a pin is provided for synchronizing the output signal 
to an external system clock. 



TVPicni nppucOTion 



Digital Isolation Interface 
Data Rate Up to 200kbps 



LTC1145 Typical Waveforms 



JUL- 



f2=5MHz 

JUL- 



Din 



GND1 



10 



ISOLATION 
___BARRIER___ 

LTC1145 

NC V CC 

OSC IN OS OUT 
GND2 Dqut 



OS OUT 




OS OUT AND Dout LOADED WITH 1 5pF SCOPE PROBE 
f1 AND 12 SYNCHRONIZED FOR PHOTO 
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LTC1145/LTC1146 



nissoLUTC mnximum RnnnGs 

Supply Voltage 12V 

Input Voltage 

D| N 12V to (GND1 -0.3V) 

OSC IN (V s + 0.3V)to (GND2-0.3V) 

Output Voltage 
OS OUT, Dqut (Vs + 0.3V) to (GND2 -0.3V) 



Operating Temperature Range -40°C to 85°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PflCKflG€/ORD€R inFORmflTIOn 












TOP VIEW 




ORDER PART 
NUMBER 




TOP VIEW 




ORDER PART 
NUMBER 


Din LI 


ISOLATION 
BARRIER 


TjOgndi 

JUVcc 
fQoSOUT 

[o]Dout 


Dm LI 


ISOLATION 
BARRIER 


T§] GND1 


LTC1145CN 
LTC1145IN 


LTC1146CN 
LTC1146IN 


nc[7 

OSC IN U 
GND2 [T 




nc|T 

EXT CAP |T 
GND2 QT 




lUVcc 
iT] OS OUT 
1°] D 0UT 


18 


N PACKAGE 
-LEAD PLASTIC D 


IP 


N PACKAGE 
18- LEAD PLASTIC DIP 



€l€CTMCni CHflftnCTCRISTICS 



Vcc = 4.5V to 5.5V, Ta = 25°C, unless otherwise noted. 



SYMBOL PARAMETER 



CONDITIONS 



MIN 



TYP MAX 



UNITS 



LTC1145 



Vol 


Output Low Voltage 


OS OUT, Dqut at 4mA 


0.4 


V 


Voh 


Output High Voltage 


OS OUT, Dqut at 4mA 


3.5 


V 


Vil 


Input Low Voltage 


OSC IN 


0.8 


V 


V| H 


Input High Voltage 


OSC IN 


2.4 


V 


l|N 


Input Current 


OSC IN 
D| N at 3V 

D| N at5V 
Din at 10V 


400 
600 
900 


10 


MA 
pA 
MA 

ma 


Ice 


Supply Current 


V C c = 5V,OSCINatOV 


2 


mA 


tpLM 


D| N to OS OUT Low to High 


C L = 15pF 


100 


ns 


tpHL1 


D| N to OS OUT High to Low 


C L =15pF 


600 


ns 


tpLH2 


Din to Dout Low to High 


C L = 15pF 


600 


ns 


tpHL2 


DiN to DouTHightoLow 


C L = 15pF 


1.2 


MS 


SR 


Input Signal Slew Rate 


Din 


1 


500 


V/ps 


Tcm 


Common-Mode Slew 


D|n = GND1 Connected to V C m 


1000 


Whs 


V|NH 


Input High Voltage 


Din 


3 


V 


V|NL 


Input Low Voltage 


Din 


1 


V 



Z, SttJ' technology 
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LTC1145/LTC1146 



€L€CTRICnL CHflftnCTCMSTICS v cc =4. 5 v«o5.5v,t a = 


= 25°C, unless otherwise noted. 






SYMBOL | PARAMETER CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


LTC1146 


Vol 


Output Low Voltage 


OS OUT, Dout at 4mA 


0.4 


V 


Voh 


Output High Voltage 


OS OUT, Dout at 4mA 


3.5 


V 


Vil 


Input Low Voltage 


Din 


0.8 


V 


Vih 


Input High Voltage 


Din 


3 


V 


•iN 


Input Current 


D| N at 3V 
D| N at 5V 

D| N at 10V 


40 
60 
100 


MA 

ma 

MA 


Ice 


Supply Current 


V CC = 5V 


2 


mA 


tpLM 


D| N to OS OUT Low to High 


C L =15pF 


100 


ns 


tpHL1 


D| N to OS OUT High to Low 


C L =15pV 


6 


MS 


tpLH2 


Din to Dout Low to High 


C L = 15pF,C EX T = 50pF 


4 


MS 


tpHL2 


Din to Dout High to Low 


C L = 15pF,C EX T = 50pF 


10 


MS 


SR 


Input Signal Slew Rate 


Din 


1 




500 


V/ps 


Tcm 


Common-Mode Slew 


D| N = GND1 Connected to V C m 


1000 


V/ps 





pin f uncnons 

Pin 1 (D m ): Data Input. 

Pin 7 (NC): Not Connected. 

Pin 8 (LTC1145) (OSC IN): External Frequency Input. The 
signal on this pin overrides the internal oscillator fre- 
quency. 

Pin 8 (LTC1146) (Cext)-' External Capacitor. Connecting a 
capacitor at this pin allows the internal oscillator fre- 
quency to be slowed down. 

Pin 9 (GND2): The Gground Connection of the Receiver 
Die. 



Pin 10 (Dqut): Data Output. The output signal has gone 
through the internal filter. The output level is TTL 
compatible. 

Pin 1 1 (OS OUT): One-Shot Output. The output signal that 
does not go through the internal filter. The output level is 
TTL compatible. 

Pin 12 (Vcc): Positive Supply of the Receiver Die, 
4.5V <V CC < 5.5V. 

Pin 18 (GND1): The Ground Connection of the Driver Die. 



SWITCHIflG Tim€ UJAV€FORmS 



Din 



-J 



OS OUT 



ov 



Dout 



ov 



1.5V 
tpLM 



A 



1.5V 



- tpLH2 - 



t r = tf = 20ns 



\ 



1.5V 



tpHL1 



X 



•1.5V 



- tpHL2 " 



& 



,5V 
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1TC1145/LTC1146 



Funaionni DinGRnms 



LTC1145 



DIE#1 



DATA J _ 

INPUT J 



OSCILLATOR 



hFr 



M(r 



Vcc 



Me 



VGND1 



DIE #2 




JT 



D Q 

ONE SHOT 



— GND2 



ISOLATION 
BARRIER 



OSCILLATOR 



TTL 
BUFFER 



OUT 
FILTER 



O 1 

h^ 1 



ONE SHOT 
OUTPUT 



DATA 
OUTPUT 



TTL 
BUFFER 




CD IN 

CD 

CLOCK 
DETECTOR 



8 EXT 
OSC 



LTC1146 



DIE#1 



DATA 1 
INPUT ~~ 



^ 



OSCILLATOR 



V GND1 



Vcc 
112 



■tit 



rv^ 



jj 



— GND2 



ISOLATION 
BARRIER 



DIE #2 




D Q 

ONE SHOT 



OSCILLATOR 
EXT CAP 



TTL 
BUFFER 



OUT 
FILTER 



P 1 



11 ONE SHOT 
OUTPUT 



DATA 
OUTPUT 



TTL 
BUFFER 



8 EXT 
CAP 



ytTLiriTO 
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LT1180A/LT1181A 



Low Power 5V RS232 

Dual Driver/Receiver with 

0. 1 jllF Capacitors 



m 

n 
n 
n 
a 
a 
□ 
□ 

D 

□ 
a 
□ 
□ 



ESD Protection over ±10kV 

Uses Small Capacitors: 0.1 pF 

Operates to 120k Baud 

Outputs Withstand +30V Without Damage 

CMOS Comparable Low Power: 40mW 

Operates from a Single 5V Supply 

Rugged Bipolar Design 

Outputs Assume a High Impedance State When Off 

or Powered Down 

Meets All RS232 Specifications 

Available With or Without Shutdown 

Absolutely No Latch-up 

Available in SO Package 

fiippyciRfirD©inis 

n Portable Computers 
n Battery-Powered Systems 
a Power Supply Generator 
n Terminals 
n Modems 



The LT1180A/LT1181A are dual RS232 driver/receiver 
pairs with integral charge pump to generate RS232 volt- 
age levels from a single 5V supply. These circuits feature 
rugged bipolar design to provide operating fault tolerance 
and ESD protection unmatched by competing CMOS 
designs. Using only 0.1 jaF external capacitors, these cir- 
cuits consume only 40mW of power, and can operate to 
1 20k baud even while driving heavy capacitive loads. New 
ESD structures on the chip allow the LT1 1 80A/LT1 1 81 A to 
survive multiple ±10kV strikes, eliminating the need for 
costly TransZorbs® on the RS232 line pins. The LT1 1 80A/ 
LT1181A are fully compliant with El A RS232 standards. 
Driver outputs are protected from overload, and can be 
shorted to ground or up to ±30V without damage. During 
SHUTDOWN or power-off conditions, driver and receiver 
outputs are in a high impedance state, allowing line 
sharing. 

The LT1 181 A is available in 16-pin DIP and SO packages. 
The LT1180A is supplied in 18-pin DIP and SO packages 
for applications which require SHUTDOWN. 

TransZorb is a registered trademark of General Instruments, GSI 



wmwi m>m<mm 



0.1 hf: 



0.1 hf: 



LOGIC 
INPUTS 



LOGIC 
OUTPUTS 



ON/OFF 



LT1180A 



-4 



s$* 



-nr 



-*V + OUT 



0.1 fiF 



-"►VOUT 



15 — 



0.1 jiF 



16 



- RS232 OUTPUT 

-RS232 OUTPUT 
-RS232 INPUT 

-RS232 INPUT 



Output Waveforms 
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m3soiut€ mnximum ROTirtGs 

Supply Voltage (V C c) 6V 

V + 13.2V 

V" -13.2V 

Input Voltage 

Driver V"toV + 

Receiver -30V to 30V 

ON/OFF -0.3V to 12V 

Output Voltage 

Driver V + - 30V to V" + 30V 

Receiver -0.3V to V C c + 0.3V 



Short-Circuit Duration 

V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1 1 80AI/LT1 1 81 Al -40°Cto85°C 

LT1180AC/LT1181AC 0°Cto70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PRCKRG€/ORD€R inFORfllOTIOn 





TOP VIEW 




ORDER PART 
NUMBER 




TOP VIEW 




ORDER PART 
NUMBER 


NC E 

ci + E 

v + E 

cr E 

C2 + E 
C2" E 

v-E 

TR2 0UT E 
REC2IN E 


^J 


53 ON/OFF 

51] Vcc 
5H GND 
5H TR1 OUT 
53 REC1 IN 
53 REC1 OUT 
53 TR1 IN 
53 TR2 IN 
53 REC2 0UT 


ci + E 

v + E 

cr E 

C2 + E 
C2~ E 

v- E 

TR2 0UT E 
REC2IN E 


KJ 


13 v C c 

53 GND 
53 TR1 OUT 
53 REC1 IN 
53 REC1 OUT 
53 TR1 IN 
53 TR2 IN 
T| REC2 0UT 


LT1180AIN 
LT1180ACN 
LT1180ACS 


LT1181AIN 
LT1181ACN 
LT1181ACS 


N PACKA 
16-LEADPLAS 

Tjmax = 125°( 
Tjmax = 125°C 


3E S PACKAGE 
TIC DIP 16-LEAD PLASTIC SOL 

) 1 0jA = 9O o C/W > e J c = 46 o C/W(N) 

; ) ejA = 95 o c/w 1 e J c = 27 o c/w(S) 


N PACKA 
18-LEADPLAS 

Tjmax = 125°C 
TjMAX=125°C 


3E S 
TIC DIP 18-LEA 

ej A = 8O°C/W,0j 
ejA=9O o C/W,0j 


PACKAGE 

D PLASTIC SOL 

C = 36°C/W(N) 
C = 26°C/W(S) 



€l€CTRICRl CHARACTERISTICS (Note 2) 



PARAMETER 



CONDITIONS 



MIN 



TYP 



MAX 



UNITS 



Power Supply Generator 



V + Output 






7.9 


V 


V" Output 






-7.0 


V 


Supply Current (Vcc) 


(Note3),T A = 25°C 







9 


13 
16 


mA 
mA 


Supply Current When OFF (V C c) 


SHUTDOWN (Note 4) LT1180A Only 







1 


10 


MA 


Supply Rise Time 
SHUTDOWN to Turn-On 


C1 =C2 = C3 = C4 = 0.1juF 

LT1180AOnly 




0.2 
0.2 


ms 
ms 


ON/OFF Pin Thresholds 


Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 






0.8 


1.2 
1.6 


2.4 


V 
V 


ON/OFF Pin Current 


0V< Von/off ^5V 





-15 




80 


MA 


Oscillator Frequency 






130 


kHz 


Driver 










Output Voltage Swing 


Load = 3k to GND Positive 

Negative 




5.0 


7.5 
-6.3 


-5.0 


V 
V 
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LT1180A/LT1181A 



€L€CTRICRl CHRRRCTCRISTICS (N ote 2 ) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Logic Input Voltage Level 


Input Low Level (Vout = High) 
Input High Level (Vout = Low) 




© 


2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V <V| N < 2.0V 


© 




5 


20 


ma 


Output Short-Circuit Current 


V OU T = 0V 




17 


mA 


Output Leakage Current 


SHUTDOWN Vout = ±30V (Note 4) 







10 


100 


MA 


Slew Rate 


R L = 3k,C L = 51pF 
R L = 3k, C L = 2500pF 




4 


15 
7 


30 


V/ms 
V/jjs 


Propagation Delay 


Output Transition tm High-to-Low (Note 5) 
Output Transition tw Low-to-High 






0.6 
0.5 


1.3 
1.3 


US 
|HS 


Receiver 


Input Voltage Thresholds 


Input Low Threshold (Vout = High) 
Input High Threshold (Vout = Low) 




0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 




o 


0.1 


0.4 


1.0 


V 


Input Resistance 






3 


5 


7 


kQ 


Output Leakage Current 


SHUTDOWN (Note 4) < V 0U t * V cc 







1 


10 


MA 


Output Voltage 


Output Low, louT = _1 -6mA 

Output High, I 0U t = 160mA (V cc = 5V) 






3.5 


0.2 
4.2 


0.4 


V 
V 


Output Short-Circuit Current 


Sinking Current, Vout = Vcc 
Sourcing Current, Vout = OV 




10 


-20 
20 


-10 


mA 
mA 


Propagation Delay 


Output Transition tm_ High-to-Low (Note 6) 
Output Transition t^ Low-to-High 






250 
350 


600 
600 " 


ns 
ns 



The o denotes specifications which apply over the operating temperature 

range (0°C < T A < 70°C for commercial grade, and -40°C < T A < 85°C for 

industrial grade. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 

of the device may be impaired. 

Note 2: Testing done at Vcc = 5V and Vqn/off = 3V, unless otherwise 

specified. 

Note 3: Supply current is measured as the average over several charge 

pump cycles. C + = C" = C1 = C2 = 0.1 jjF. All outputs are open, with all 

driver inputs tied high. 



Note 4: Supply current measurements in SHUTDOWN are performed with 
Von/oTf^0.1V. 

Note 5: For driver delay measurements, Rl = 3k and Cl = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tm. = 1 -4V to OV and t L H = 1 -4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t H |_ = 1 .3V to 2.4V and t LH = 1 .7V 
to 0.8V). 
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Driver Maximum Output Voltage 
vs Load Capacitance 
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Receiver Input Thresholds 



Supply Current vs Data Rate 



ON/OFF Thresholds 
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Receiver Short-Circuit Current 



Slew Rate vs Load Capacitance 
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OUTPUT 



DRIVER 2 
OUTPUT 



ON/OFF PIN 





Shutdown to Driver Outputs 
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DRIVER OUTPUT 
R L = 3k I 
C L = 2500pF 

DRIVER OUTPUT 
R L = 3k 

INPUT 


Driver Output Waveforms 



LT1180A-TPC13 



pin Funcnons 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1|uF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: A TTL/CMOS Compatible Operating Mode Con- 
trol. A logic low puts the LT1 1 80A in SHUTDOWN mode. 
Supply current drops to zero and both driver and receiver 
outputs assume a high impedance state. A logic high fully 
enables the device. 

V + : Positive Supply Output (RS232 Drivers). V + - 2V C c - 
1 .5V. This pin requires an external charge storage capaci- 
tor C > 0.1 jliF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. With multiple 
transceivers, the V + and V" pins may be paralleled into 
common capacitors. 

V": Negative Supply Output (RS232 Drivers). V"- -(2V C c 
- 2.5V). This pin requires an external charge storage 
capacitor C > 0.1 joF. Larger value capacitors may be used 
to reduce supply ripple. With multiple transceivers, the V + 
and V" pins may be paralleled into common capacitors. 

TR1 IN, TR2 IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

TR1 OUT, TR2 OUT: Driver Outputs at RS232 Voltage 
Levels. Driver output swing meets RS232 levels for loads 
up to 3k. Slew rates are controlled for lightly loaded lines. 



Output current capability is sufficient for load conditions 
up to 2500pF. Outputs are in a high impedance state when 
in SHUTDOWN mode, Vcc = ov > or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V" + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

REC1 IN, REC2 IN: Receiver Inputs. These pins accept 
RS232 level signals (+30V) into a protected 5k terminat- 
ing resistor. The receiver inputs are protected against ESD 
to±1 OkV for human body model discharges. Each receiver 
provides 0.4V of hysteresis for noise immunity. Open 
receiver inputs assume a logic low state. 

REC1 OUT, REC2 OUT: Receiver outputs with TTL/CMOS 
Voltage Levels. Outputs are in a high impedance state 
when in SHUTDOWN mode to allow data line sharing. 
Outputs are fully short-circuit protected to ground or Vcc 
with the power ON, OFF or in the SHUTDOWN mode. 

C1 + , C1", C2 + , C2": Commutating Capacitor Inputs. 
These pins require two external capacitors C > 0.1 jjF: one 
from C1 + to C1" and another from C2 + to C2" C1 should 
be deleted if a separate 12V supply is available and 
connected to pin C1 + . Similarly, C2 should be deleted if a 
separate -12V supply is connected to pin V~ 
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€SD PROTCCTIOn 

The RS232 line inputs of the LT1 1 80A/LT1 1 81 A have on- 
chip protection from ESD transients up to ±1 OkV. The 
protection structures act to divert the static discharge 
safely to system ground. In orderforthe ESD protection to 
function effectively, the power supply and ground pins of 
the circuit must be connected to ground through low 
impedances. The power supply decoupling capacitors and 
charge pump storage capacitors provide this low imped- 
ance in normal application of the circuit. The only con- 
straint is that low ESR capacitors must be used for 
bypassing and charge storage. ESD testing must be done 
with pins Vcc, V[_, V + , V", and GND shorted to ground or 
connected with low ESR capacitors. 



ESD Test Circuit 
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TYPICAL flPPUCflTIOnS 



Operation Using 5V and 12V Power Supplies 



Supporting an LT1039 (Triple Driver/Receiver) 



oihf: 



LOGIC 
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OUTPUTS 
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01^F 



-RS232 OUTPUT 

-RS232 OUTPUT 
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16 
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WZ 



ON/OFF Vcc 

LT1180A 






<5k 



J5k 



GND 
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-RS232 OUTPUT HL INPUT - 



-RS232 OUTPUT TTL INPUT - 



-RS232 INPUT TTL OUTPUT - 
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Vcc ON/OFF 
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IF 
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TECHNOLOGY 5v RS232 Transceiver with 

Advanced Power Management and 
One Receiver Active in SHUTDOWN 



FOTWIlBd 



One Receiver Remains Active While in SHUTDOWN 

ESD Protection over ±10kV 

Uses Small Capacitors: 0.1 pF, 0.2joF, LOjliF 

60jjA Supply Current in SHUTDOWN 

Pin-Compatible with LT1137A 

Operates to 120k Baud 

CMOS Comparable Low Power 30mW 

Operates from a Single 5V Supply 

Easy PC Layout- Flowthrough Architecture 

Rugged Bipolar Design 

Outputs Assume a High Impedance State When Off 

or Powered Down 

Absolutely No Latchup 

Available in SO and SSOP Packages 



fiippiLBCfirirB©(nii 

° Notebook Computers 
° Palmtop Computers 



The LT1237 is an advanced low power iinree driver, five 
receiver RS232 transceiver. Included on the chip is a 
shutdown pin for reducing supply current near zero. 
During SHUTDOWN one receiver remains active to detect 
incoming RS232 signals, for example, to wake up a 
system. 

The LT1 237 is fully compliant with all EIA RS232 specifi- 
cations. New ESD structures on the chip allowthe LT1 237 
to survive multiple ±1 OkV strikes, eliminating the need for 
costly TransZorbs® on the RS232 line pins. 

The LT1 237 operates in excess of 1 20k baud even driving 
heavy capacitive loads. Two SHUTDOWN modes allowthe 
driver outputs to be shut down separately from the receiv- 
ers for more versatile control of the RS232 interface. 
During SHUTDOWN, drivers and receivers assume a high 
impedance state. 

TransZorb is a registered trademark of General Instruments, GSI 



TiWDCIRHL' «U€iTF[!®(fi) 



2x0.1^F 




Output Waveforms 



^CONTROLLER OR 
^PROCESSOR 
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msoiutc mnximum nnnnGs 

(Notel) 

Supply Voltage (V C c) 6V 

V + 13.2V 

V" -13.2V 

Input Voltage 

Driver V"toV + 

Receiver -30V to 30V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3V to V C c + 0.3V 

Short Circuit Duration 

V + 30 sec 

V 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1237I -40°C to 85°C 

LT1237C 0°C to 70°C 

Storage Temperature Range -65°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PnCKflGC/OftDCR inFORfflflTIOn 




DR3 OUT 
RX5IN 

(LOW-Q) 

ON/OFF 

NC 



DR3IN 

RX5 OUT 

(LOW-Q) 

GND 

DRIVER 

DISABLE 

NC 



J PACKAGE IM PACKAGE 

28-LEAD CERAMIC DIP 28-LEAD PLASTIC DIP 



S PACKAGE 
28-LEAD SOL 



G PACKAGE 
28-LEAD SSOP 



TjMAX=150°C,ej A = 62°C/W(J) 
TjMAX=150 o C,ejA=56 o C/W(|\!) 
TjMAX=150 o C,e JA =85°C/W(S) 
TjMAX=150°C,ej A =96°C/W(G) 



ORDER PART 
NUMBER 



LT1237IJ 

LT1237IN 

LT1237CJ 

LT1237CN 

LT1237CS 

LT1237CG 



€l€CTMCfll CHflRflCTCMSTICS (Note 2) 


PARAMETER CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply Generator 


V + Output 






7.9 


V 


V" Output 






-7 


V 


Supply Current (Vcc) 


T A = 25°C(Note3) 







6 
6 


12 
14 


mA 
mA 


Supply Current when OFF (Vcc) 


SHUTDOWN (Note 4) 
DRIVER DISABLE 







0.06 
3.00 


0.15 


mA 
mA 


Supply Rise Time 
SHUTDOWN to Turn-On 


C1=C2 = 0.2|iF, 

C + = 1.0MF,C- = 0.1jiF 




2 


ms 


ON/OFF Pin Thresholds 


Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 





0.8 


1.2 
1.6 


2.4 


V 
V 


ON/OFF Pin Current 


0V<V O n/off^5V 


© 


-15 




80 


MA 


Driver Disable Pin Thresholds 


Input Low Level (Drivers Enabled) 
Input High Level (Drivers Disabled) 





0.8 


1.4 
1.4 


2.4 


V 
V 


Driver Disable Pin Current 


0V < VoRlVER DISABLE ^ 5V 


© 


-10 




500 


MA 


Oscillator Frequency 


Driver Outputs Loaded R|_ = 3k 




130 


kHz 
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PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Any Driver 


Output Voltage Swing 


Load = 3ktoGI\ID Positive 

Negative 






5.0 


7.5 
-6.3 


-5.0 


V 
V 


Logic Input Voltage Level 


Input Low Level (Vout = High) 
Input High Level (Vout = Low) 






2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V<V| N <2V 







5 


20 


ma 


Output Short-Circuit Current 


V OU T = 0V 




17 


mA 


Output Leakage Current 


SHUTDOWN Vout = ±30V (Note 4) 







10 


100 


MA 


Slew Rate 


R L = 3k,C L = 51pF 
R L = 3k,C L = 2500pF 




4 


15 

7 


30 


Whs 
V/ps 


Propagation Delay 


Output Transition tm. High to Low (Note 5) 
Output Transition t|_H Low to High 






0.6 
0.5 


1.3 
1.3 


US 
MS 


Any Receiver 


Input Voltage Thresholds 


Input Low Threshold (Vout = High) 
Input High Threshold (Vout = Low) 




0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 







0.1 


0.4 


1.0 


V 


Input Resistance 






3 


5 


7 


kn 


Output Leakage Current 


SHUTDOWN (Note 4) < V 0U t * V cc 







1 


10 


ma 


Receivers 1, 2, 3, 4 


Output Voltage 


Output Low, louT = -1-6mA 

Output High, I 0U t = 160jjA (V cc = 5V) 







3.5 


0.2 
4.2 


0.4 


V 
V 


Output Short-Circuit Current 


Sinking Current, Vqut = Vcc 
Sourcing Current, Vqut = OV 




-10 
10 


-20 
20 




mA 
mA 


Propagation Delay 


Output Transition tm. High to Low (Note 6) 
Output Transition t^ Low to High 






250 
350 


600 
600 


ns 
ns 


Receiver 5 (LOW I S upply RX) 


Output Voltage 


Output Low, Iout = -500jjA 

Output High, I 0U t = 160pA (V cc = 5V) 




Q 


3.5 


0.2 
4.2 


0.4 


V 
V 


Output Short-Circuit Current 


Sinking Current, Vout = Vcc 
Sourcing Current, Vqut = OV 




-2 
2 


-4 
4 




mA 
mA 


Propagation Delay 


Output Transition tm. High to Low (Note 6) 
Output Transition t^ Low to High 






1.0 
0.6 


3 
3 


MS 
US 



The o denotes specifications which apply over the operating temperature 

range (0°C < T A < 70°C for commercial grade, and -40°C < Ta < 85°C for 

industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 

of the device may be impaired. 

Note 2: Testing done at Vcc = 5V and Von/off = 3V, unless otherwise 

specified. 

Note 3: Supply current is measured as the average over several charge 

pump burst cycles. C + = 1 .OpF, C" = 0.1jnF, C1 = C2 = 0.2pF. All outputs 

are open, with all driver inputs tied high. 



Note 4: Measurements in SHUTDOWN are performed with Von/off ^ 0-1 V. 
Supply current measurements using DRIVER DISABLE are performed with 
Vdriver disable ^ 3V. 

Note 5: For driver delay measurements, Rl = 3k and Cl = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tHi_ = 1 .4V to OV and tm = 1 .4V to OV). 
Note 6: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t H |_ = 1 .3V to 2.4V and t LH = 1 TV 
to 0.8V). 
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Receiver Input Thresholds 



Supply Current vs Data Rate 
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Driver Short-Circuit Current 



Receiver Short-Circuit Current 
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Receiver Output Waveforms 


OUTPUT 
C L = 50pF 
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DRIVER OUTPUT 

R L = 3k 

C L = 2500pF 

DRIVER OUTPUT 
R L = 3k 
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Driver Output Waveforms 



pin Funcnons 

Vcc: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1 jiF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Operating Mode Control. 
A logic low puts the device in the low power SHUTDOWN 
mode. All three drivers and four receivers (RX1 , RX2, RX3, 
and RX4) assume a high impedance output state in SHUT- 
DOWN. Only receiver RX5 remains active while the trans- 
ceiver is in SHUTDOWN. The transceiver consumes only 
60joA of supply current while in SHUTDOWN. A logic high 
fully enables the transceiver. 



DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all driver 
outputs in a high impedance state. All five receivers remain 
active under these conditions. Floating the driver disable 
pin or driving it to a logic low level fully enables the 
transceiver. A logic low on the On/Off pin supersedes the 
state of the Driver Disable pin. Supply current drops to 
3mA when in DRIVER DISABLE mode. 

V + : Positive Supply Output (RS232 Drivers). V + - 2V C c - 
1 .5V. This pin requires an external charge storage capaci- 
tor C > 1 .OjiF, tied to ground or Vcc- Larger value capaci- 
tors may be used to reduce supply ripple. The ratio of the 
capacitors on V + and V" should be greater than 5 to 1 . 
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V": Negative Supply Output (RS232 Drivers). V« -(2V C c 
- 2.5V). This pin requires an external charge storage 
capacitor C > O.IjliF. See the Applications Information 
section for guidance in choosing filter capacitors for V + 
andV" 

C1 + , C1", C2 + , C2": Commutating Capacitor Inputs, re- 
quire two external capacitors C > 0.2joF: one from C1 + to 
C1~ and another from C2 + to C2". The capacitor's effec- 
tive series resistance should be less than 2Q. For C > 1 liF, 
low ESR tantalum capacitors work well in this application, 
although small value ceramic capacitors may be used with 
a minimal reduction in charge pump compliance. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 
Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, V C c = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V" + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 



supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkVfor 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs RX1, RX2, RX3, and RX4 are in a high 
impedance state when in SHUTDOWN mode to allow data 
line sharing. Outputs, including LOW-Q RX OUT, are fully 
short-circuit protected to ground or Vcc W|th the P°wer 
on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low Power Receiver Input. This 
special receiver remains active when the part is in SHUT- 
DOWN mode, consuming typically 60|aA. This receiver has 
the same 5k input impedance and ±10kV ESD protection 
characteristics as the other receivers. 

LOW Q-CURRENT RX OUT: Low Power Receiver Output. 
This pin produces the same TTL/CMOS output voltage 
levels as receivers RX1, RX2, RX3, and RX4 with slightly 
decreased speed and short-circuit current. Data rates to 
120k baud are supported by this receiver. 



€SD PROT€CTIOn 

The RS232 line inputs of the LT1 237 have on-chip protec- 
tion from ESD trapsients up to ±10kV. The protection 
structures act to divert the static discharge safely to, 
system ground. In orderforthe ESD protection to function 
effectively, the power supply and ground pins of the 
LT1 237 must be connected to ground through low imped- 
ances.Thepowersupply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is that 
low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
Vl, V + , V" and GND shorted to ground or connected with 
low ESR capacitors. 
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Storage Capacitor Selection 

The V + and V" storage capacitors must be chosen care- 
fully to insure low ripple and stable operation. The LT1 237 
charge pump operates in a power efficient Burst Mode™. 
When storage capacitor voltage drops below a preset 
threshold, the oscillator is gated on until V + and V" are 
boosted up to levels exceeding a second threshold. The 
oscillator then turns off, and current is supplied from the 
V + and V" storage capacitors. 

The V" potential is monitored to control charge pump 
operation. It is therefore important to insure lower V + 
ripple than V" ripple, or erratic operation of the charge 
pump will result. Proper operation is insured in most 
applications by choosing the V + filter capacitor to be at 
least 5 times the V" filter capacitor value. If V + is more 
heavily loaded than V, a larger ratio may be needed. 

The V" filter capacitor should be selected to obtain low 
ripple when the drivers are loaded, forcing the charge 
pump into continuous mode. A minimum value O.ljoF is 
suggested. 



Do not attempt to reduce V" ripple when the charge pump 
is in discontinuous Burst Mode™ operation. The ripple in 
this mode is determined by internal comparator thresh- 
olds. Larger storage capacitor values increase the burst 
period, and do not reduce ripple amplitude. 

Power Saving Operational Modes 

The LT1237 has both SHUTDOWN and DRIVER DISABLE 
operating modes. These operating modes can optimize 
power consumption based upon applications needs. 

The On/Off shutdown control turns off all circuitry except 
for Low-Q RX5. When RX5 detects a signal, this informa- 
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the DRIVER 
DISABLE mode provides a power efficient operating op- 
tion. The DRIVER DISABLE mode turns off the charge 
pump and RS232 drivers, but keeps all five receivers 
active. Power consumption in DRIVER DISABLE mode is 
3mA from Vcc- 

Burst Mode is a trademark of Linear Technology Corporation 
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AppleTalk® Transceiver 



mmmm 

a Single Chip Provides Complete 

LocalTalk @ /AppleTalk® Port 
n Low Power: Ice = 1 -2mA Typ 
a Shutdown Pin Reduces Ice to 30jaA Typ 
a Drivers Maintain High Impedance in Three-State 

or with Power Off 
a 30ns Driver Propagation Delay Typ 
n 5ns Driver Skew Typ 
n Thermal Shutdown Protection 
n Drivers are Short-Circuit Protected 



iaiP(py€(grirD©(nis 

a LocalTalk Peripherals 

n Notebook/Palmtop Computers 

a Battery-Powered Systems 

a RS232/562 to RS422 Conversion 

LocalTalk and AppleTalk are registered trademarks of Apple Computer, Inc. 



The LTC1320 is an RS422/RS562 line transceiver de- 
signed to operate on LocalTalk networks. It provides one 
differential RS422 driver, one single-ended RS562 driver, 
two single-ended RS562 receivers, and one differential 
RS422 receiver. The LTC1320 draws only 1.2mA quies- 
cent current when active and 30juA in shutdown, making 
it ideal for use in battery-powered devices and other 
systems where power consumption is a primary concern. 

The LTC1 320 drivers are specified to drive±2V into 1 00Q. 
Additionally, the driver outputs three-state when disabled, 
during shutdown, or when the power is off; they maintain 
high impedance even with output common-mode volt- 
ages beyond the power supply rails. Both the driver 
outputs and receiver inputs are protected against ESD 
damage to beyond 5kV. 

The LTC1320 is available in the 18-pin SOL package. 



™« »yowfl©(fi] 



Typical LocalTalk Connection 
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Supply Voltage (V DD ) 7V 

Supply Voltage (V S s) -7V 

Input Voltage (Logic Inputs) -0.3V to V DD + 0.3V 

Input Voltage (Receiver Inputs) ±15V 

Driver Output Voltage (Forced) ±15V 

Output Short-Circuit Duration Indefinite 

Operating Temperature Range 0°C ot 70°C 

Storage Temperature Range -65°c to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



pncKflG€/ORD€R inFORmrmon 



TOP VIEW 




S PACKAGE 
18-LEAD PLASTIC SOL 



Tjmax = 150°C, 9ja=100°C/W 



ORDER PART 
NUMBER 



LTC1320CS 



DC €l€CTRICfll CHRRflCTCRISTKS v s =±5v±5%,T A =o°cto7o°c(Notes2,3) 


SYMBOL 


PARAMETER 


CONDITIONS 


IY1IN 


TYP 


MAX 


UNITS 


VOD 


Differential Driver Output Voltage 


No Load 

R L = 100n (Figure 1) 






8.0 
2.0 


V 
V 




Change in Magnitude of Driver 
Differential Output Voltage 


R L = 100O (Figure 1) 




0.2 


V 


Voc 


Driver Common-Mode Output Voltage 


R L = 100Q (Figure 1) 




3 


V 




Output Common-Mode Range 


SD = 5V or Power Off 





±10 


V 




Single-Ended Driver Output Voltage 


No Load 
R L = 400Q 






±4.0 
±3.4 


V 
V 




Input High Voltage 


All Logic Input Pins 





2.0 


V 




Input Low Voltage 


All Logic Input Pins 





0.8 


V 




Input Current 


All Logic Input Pins 







±1 


±20 


ma 




Three-State Output Current 


SD = 5V or Power Off, -10V < V < 10V 







±2 


±100 


ma 




Driver Short-Circuit Current 


-5V<V <5V 


o 


35 


350 


500 


mA 




Receiver Input Resistance 


-7V<V| N <7V 





12 


kft 


V H 


Receiver Output High Voltage 


lo = -4mA 





3.5 


V 


Vol 


Receiver Output Low Voltage 


lo = 4mA 





0.4 


V 




Receiver Output Short-Circuit Current 


0V<V o <5V 





7 




85 


mA 




Receiver Output Three-State Current 


0V<V o <5V 







±2 


±100 


MA 




Differential Receiver Threshold Voltage 


-7V<V CM <7V 





-200 




200 


mV 




Differential Receiver Input Hysteresis 


-7V<V CM <7V 




70 


mV 




Single-Ended Receiver Input Low Voltage 







0.8 


V 




Single-Ended Receiver Input High Voltage 







2 


V 


Idd 


Supply Current 


NoLoad,SD = 0V 
No Load, SD = 5V 









1.2 

30 


3.0 
350 


mA 
MA 


Iss 


Supply Current 


No Load, SD = 5V 







2 


350 


ma 
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SUJITCHIHG CHflRflCTCRISTICS v s =±5v±5%j A =o°cto7o°c(Notes2,3) 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN TYP 


MAX 


UNITS 


tpLH, HL 


Differential Driver Propagation Delay 


R L = 1 00Q, C L = 1 0OpF (Figures 2, 8) 





40 


120 


ns 


tSKEW 


Differential Driver Output to Output 


R L = 100Q, C L = 100pF (Figures 2, 8) 


o 


10 


50 


ns 


tr.f 


Differential Driver Rise/Fall Time 


R L = 100Q, C L = 100pF (Figures 2, 8) 


o 


15 


80 


ns 


*ENH, L 


Driver Enable to Output Active 


C L = 100pF (Figures 3, 4, 10) 





50 


150 


ns 


*H, Ldis 


Driver Output Active to Disable 


C L = 15pF (Figures 3, 4, 10) 





50 


150 


ns 


tpLH, HL 


Single-Ended Driver Propagation Delay 


R L = 450Q, C L = 1 0OpF (Figures 5,11) 


o 


40 


120 


ns 


tr.f 


Single-Ended Driver Rise/Fall Time 


R L = 450Q, C L = 1 0OpF (Figures 5, 1 2) 





15 


80 


ns 


tpLH, HL 


Receiver Propagation Delay 


C L = 15pF (Figures 13, 14) 





60 


160 


ns 


*ENH, L 


Receiver Enable to Output Active 


C L = 100pF (Figures 6, 7, 15) 


o 


30 


100 


ns 


tH, Ldis 


Receiver Output Active to Disable 


C L = 15pF (Figures 6, 7, 15) 





30 


100 


ns 



Theo denotes specifications which apply over the full operating 
temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of a device may be impaired. 



Note 2: All currents into device pins are positive; all currents out of 
device pins are negative. All voltages are referenced to ground unless 
otherwise specified. 
Note 3: All typicals are given at V s = ±5V, T A = 25°C. 



TYPICAL P€ftFOnmnnC€ CHnftflCTCftlSTICS 



Output Swing vs Load Current 







JTPL 





















THIGH 









































































































































UTPUi li 


)W 































20 40 60 8 
OUTPUT CURRENT (mA) 



100 



Differential Output Swing vs 
Load Current 



> 

CD 

5 



8 
6 
4 
2 
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pin Funcnons 

TXD (Pin 1 ): RS422 Differential Driver Input (TTL Compat- 
ible). 

TXI (Pin 2): RS562 Single-Ended Driver Input (TTL com- 
patible. 



TXDEN (Pin 3): RS422 Differential Driver Output Enable 
(TTL Compatible). A high level on this pin forces the 



RS422 driver into three-state; a low level enables the 
driver. This input does not affect the RS562 single-ended 
driver. 

SD (Pin 4): Shutdown Input (HL Compatible). When this 
pin is high, the chip is shut down: all driver outputs three- 
state and the supply current drops to 30jjA. A low on this 
pin allows normal operation. 



/fTUTO 

IljUsnU technology 
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RXEN (Pin 5): Receiver Enable (TTL Compatible). A high 
level on this pin disables the receivers and three-states the 
logic outputs; a low level allows normal operation. To 
prevent err atic b ehavior at the receiver outputs during 
shutdown, RXEN should be pulled high along with SD. 



Inverting RS562 Single-Ended Receiver 



RXO (Pin 6): 

Output. 

RXO (Pin 7): Noninverting RS562 Single-Ended Receiver 
Output. 

RXDO (Pin 8): RS422 Differential Receiver Output. 

GND (Pin 9): Ground Pin. 

RXD + (Pin 10): RS422 Differential Receiver Noninverting 
Input. When this pin is >200mV above RXD" RXDO will 
be high; when this pin is >200mV below RXD " RXDO will 
be low. 



RXD" (Pin 11): 

Input. 



RS422 Differential Receiver Inverting 



RXI (Pin 12): Noninverting RS562 Receiver Input. This 
input controls the RXO output; it has no effect on the RXO 
output. 

RXi (Pin 13): jnyerting RS562 Receiver Input. This input 
controls the RXO output; it has no effect on the RXO 
output. 

V S s (Pin 14): Negative Supply. -4.75 >V S s >-5.25V. The 
voltage on this pin must never exceed ground on power up 
or power-down. 

TXO (Pin 15): RS562 Single-Ended Driver Output. 

TXD + (Pin 16): RS422 Differential Driver Noninverting 
Output. 

TXD "(Pin 17): RS422 Differential Driver Inverting Output. 

V DD (Pin 18): Positive Supply. 4.75V < V DD < 5.25V. 
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nppucOTions inFonmmion 

Thermal Shutdown Protection 

The LTC1320 includes a thermal shutdown circuit which 
protects the part against prolonged shorts at the driver 
outputs. If any driver output is shorted to another output 
or to the power supply, the current will be initially limited 
to 450mA max. The die temperature will rise to about 
1 50°C, at which point the thermal shutdown circuit turns 
off the driver outputs. When the die cools to about 1 30°C, 
the outputs re-enable. If the shorted condition still exists, 
the part will heat again and the cycle will repeat. When the 
short is removed, the part will return to normal operation. 
This oscillation occurs at about 1 0Hz and prevents the part 
from being damaged by excessive power dissipation. 

Power Shutdown 

The power shutdown feature of the LTC1320 is designed 
primarily for battery-powered systems. When SD (pin 4) 
is forced high, the part enters shutdown mode. In shut- 



down, the supply current drops from 1 .2mA to 30|jA typ. 
The driver outputs are three-stated and the power to the 
receivers is removed. The receiver outputs are not auto- 
matically three-stated in shutdown, and can toggle errone- 
ously due to feedthr ough f rom the inputs. This can be 
prevented by pulling RXEN high along with SD; this will 
three-state the receiver outputs and prevent the genera- 
tion of spurious data. 

Supply Bypassing 

The LTC1320 requires that both Vdd and Vss are well 
bypassed; data errors can result from inadequate bypass- 
ing. Bypass capacitor values of 0.1 |iF to 1 |iF from Vdd to 
ground and from Vss to ground areadequate. Lead lengths 
and trace lengths between the capacitors and the chip 
should be short to minimize lead inductance. 



TYPicm nppucfflions 
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Switched Negative Supply 



>25k ESD Protection 
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_ LTC1327 

3.3V Micropower EIA/TIA-562 
Driver/Receiver 

April 1993 



F€flTUR€S 



300fjA 



■ Low Supply Current 

■ 1pA Supply Current in SHUTDOWN 

■ ESD Protection ±10kV 

■ Operates From a Single 3.3V Supply 

■ Uses Small Capacitors O.IjjF 

■ Operates To 120k Baud 

■ Three-State Outputs are High Impedance When Off 

■ Output Overvoltage Does Not Force Current Back Into 
Supplies 

■ EIA/TIA-562 I/O Lines Can Be Forced to ±25V 
Without Damage 

■ Meet All EIA/TIA-562 Specifications 

■ Flowthrough Architecture 

flppucmions 

■ Notebook Computers 

■ Palmtop Computers 



DCSCRIPTIOH 

The LTC1 327 is an advanced low power, three-d river/five- 
receiver EIA/TIA-562 transceiver. In the no load condition, 
the supply current is only 300jjA. In the shutdown mode, 
the supply current is further reduced to 1jjA. The charge 
pump only requires four 0.1 pF capacitors and can supply 
up to 5mA of extra current to power external circuitry. 

In SHUTDOWN mode, the supply current is further re- 
duced to 1liA. All EIA/TIA-562 outputs assume a high 
impedance state in SHUTDOWN and with the power off. 

The LTC1 327 is fully compliant with all EIA/TIA-562 speci- 
fications. The transceiver can operate up to 120k Baud 
with a 1 000pF//3k£2 load. Both driver outputs and receiver 
inputs can be forced to ±25V without damage, and can 
survive multiple ±10k ESD strikes. 



typical nppucniion 



3-Drivers/5-Receivers with SHUTDOWN 



Supply Current 




-J— C4 



600 
500 

;400 

i 

! 300 
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i 
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3 3V 


















ALL DRIVERS INPUTS TIED TO V C c 
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absolutc mnximum rrtirgs 

Supply Voltage (V cc ) 5V 

Input Voltage 

Driver -0.3V to (V cc + 0.3V) 

Receiver -25V to 25V 

On/Off Pin -0.3V to (V CC + 0.3V) 

Output Voltage 

Driver -25V to 25V 

Receiver -0.3V to (V cc + 0.3V) 

Short-Circuit Duration 

V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 
Commercial LTC1327C 0°Cto70°C 

Storage Temperature Range -65°c to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PRCKRG€/ORD€R inFORmflTIOfl 



TOP VIEW 




N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 

G PACKAGE 

28-LEAD SSOP 



ORDER PART 
NUMBER 



LTC1327CN 
LTC1327CG 
LTC1327CS 



€l€CTRICRL CHRRRCT€RISTICS v cc =3.3v,citoC4= 


0.1mF 


unless otherwise noted. 






PARAMETER 


CONDITIONS 




MIN 


TYP 


MAX 


UNITS 


DC PERFORMANCE 


Any Driver 


Output Voltage Swing 


Positive 

Negative (3k to GND) 




3.7 
-3.7 


4.5 
-4.5 




V 
V 


Logic Input Voltage Level 


Input Low Level (Vout = High) 
Input High Level (Vout = Low) 




2 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


V, N = 3.3 
V| N = 




5 
-5 


MA 
MA 


Output Short-Circuit Current 


V OU T = 0V 




±10 


mA 


Output Leakage Current 


SHUTDOWN (Note 3), Vout = ±20V 






10 


100 


MA 


Any Receiver 




Input Voltage Thresholds 


Input Low Threshold 
Input High Threshold 


• 
• 


0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 




• 


0.1 


0.4 


1 


V 


Input Resistance 






3 


5 


7 


kn 


Output Voltage 


Output Low, Iqut = -1 -6mA (V cc = 3.3V) 
Output High, I ut = 1 60pA (V C c = 3.3V) 


• 
• 


3 


0.2 
3.2 


0.4 


V 
V 


Output Short-Circuit Current 


Sinking Current, Vout = Vcc 




-5 


-20 




mA 


Output Leakage Current 


SHUTDOWN (Note 3), < V 0U t ^ V cc 


£ 




1 


10 


MA 


Power Supply Generator 


V + Output Voltage 


Iout = OmA 
Iout = 5mA 


• 

• 


5.2 
5.0 


5.7 
5.5 




V 
V 


V" Output Voltage 


Iout = OmA 
low = -5mA 


• 
• 


-4.7 
-4.5 


-5.3 
-5.0 




V 
V 


Supply Rise Time 


SHUTDOWN to Turn-On 




0.2 


ms 
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€L€CTMCfll CHflRflCTCMSTICS v cc =3.3v,citoC4 = 


D.1pF 


unless otherwise noted. 






PARAMETER | CONDITIONS 


MIN TYP 


MAX 


UNITS 


Power Supply 


Vcc Supply Current 


No Load (Note 2) 


• 


0.3 


0.5 


mA 


Supply Leakage Current (Vcc) 


SHUTDOWN (Note 3) 


• 


1 


10 


MA 


On/Off Threshold Low 




• 


1.4 


0.8 


V 


On/Off Threshold High 




• 


2 1.4 


V 


AC CHARACTERISTICS 


Slew Rate 


R L = 3k,C L =51pF 
R L = 3k,C L = 2500pF 




6.5 
2 4 


30 


V/ps 
V/ms 


Driver Propagation Delay 


tHLD 


• 


2 


3 


MS 


(TTLtoRS232) 


tLHD 


• 


2 


3 


MS 


Receiver Propagation Delay 


tHLR 


• 


0.3 


0.6 


MS 


(RS232toTTL) 


<LHR 


• 


0.2 


0.6 


MS 



The • denotes specifications which apply over the operating temperature 

(0°C^T A ^70°C). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 

of the device may be impaired. 



Note 2: Supply current is measured with driver and receiver output 
unloaded and driver inputs tied high. 

Note 3: Supply current measurement in SHUTDOWN is performed with 
V O n = 0V. 



pm Functions 

Vcc: 3.3V Input Supply Pin. Supply current less than 1jjA 
in the SHUTDOWN mode. This pin should be decoupled 
with a 0.1 nF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in SHUTDOWN mode which reduces 
input supply current to less than 1 \jA and places all drivers 
and receivers in high impedance state. 

V + : Positive Supply Output (EIA/TIA-562 Drivers). 
V + = 2Vcc - 0.5V. This pin requires an external capacitor 
C = 0.1 mF for charge storage. The capacitor may be tied to 
ground or 3.3V. With multiple devices, the V + and V" pins 
may be paralleled into common capacitors. For large num- 
bers of devices, increasing the size of the shared common 
storage capacitors is recommended to reduce ripple. 

V": Negative Supply Output (EIA/TIA-562 Drivers). 
V"=- (2Vcc- 1). This pin requires an external capacitor 
C = 0.1 |jF for a charge storage. 

C1 + , C1", C2 + , C2~: Commutating Capacitor Inputs. 
These pins require two external capacitors C = 0.1 \£. One 



from C1 + to C1", and another from C2 + to C2". To 
maintain charge pump efficiency, the capacitor's effective 
series resistance should be less than 20Q. 

DRIVER IN: EIA/TIA-562 Driver Input Pins. Inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at EIA/TIA-562 Voltage 
Levels. Outputs are in a high impedance state when in 
SHUTDOWN mode or V C c = OV. The driver outputs are 
protected against ESD to ±10kV for human body model 
discharges. 

RX IN: Receiver Inputs. These pins accept EIA/TIA-562 
level signals (±25V) into a protected 5kQ terminating 
resistor. The receiver inputs are protected against ESD to 
±10kV for human body model discharges. Each receiver 
provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs With TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance stage when in 
SHUTDOWN mode to allow data line sharing. 
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T€ST CIRCUIT 



ESD Test Circuit 



LTC1327 




EIA/TIA 562 

LINE PINS J 

PROTECTED * 

TO*10kV 



DRIVER 1 OUT ' 
RX1 IN ■ 

DRIVER 2 OUT ■ 
RX2 IN • 
RX3 IN ■ 
RX4 IN ■ 

DRIVER 3 OUT ■ 
RX5 IN 



ON/OFF — 
14 




J>o- — RX2 OUT 
21 

— RX3 OUT 
20 

— RX4 OUT 

— DRIVER 3 IN 
r-^o-P- RX5 OUT 

16 



15 



LT1327.ESDTC 



flppucmnons inFonmnTion 

The LT1327 is compatible with RS232 parts. This table 
shows some devices and thresholds. 



MANUFACTURER 


PART NUMBER 


COMPATIBLE 


MIN 


TYP 


MAX 


MIN 


TYP 


MAX 


Linear Technology 


LT1080 


V 


0.8 


1.3 


- 


- 


1.7 


2.4 




LT1137A 


V 


0.8 


1.3 


- 


- 


1.7 


2.4 




LT1330 


V 


0.8 


1.3 


- 


- 


1.7 


2.4 




LT1281 


V 


0.8 


1.3 


- 


- 


1.7 


2.4 




All Others 


V 






Texas Instruments 


SN75189 


V 


0.65 


1 


1.25 


0.9 


1.3 


1.6 




SN75189A 


V 


0.65 


1 


1.25 


1.55 


1.9 


2.25 




MAX232 


V 


0.8 


1.2 


- 


- 


1.7 


2.4 




SN75C185 


V 


0.65 


1 


1.25 


1.6 


2.1 


2.55 


Maxim 


MAX232A 


V 


0.8 


1.3 


- 


- 


1.8 


2.4 




MAX241 


V 


0.6 


1.2 


- 


- 


1.5 


2.4 


Sipex 


SP232 


V 


0.8 


1.2 


- 


- 


1.7 


2.4 




SP301 


V 


0.75 


- 


1.35 


1.75 


2.5 




Motorola 


MC1489 


V 


0.75 


- 


1.25 


1 


- 


1.5 




MC1489A 


V 


0.75 


0.8 


1.25 


1.75 


1.95 


2.25 


National 


DS1489 


V 


0.75 


1 


1.25 


1 


1.25 


1.5 




DS14C89A 


V 


0.5 


- 


1.9 


1.3 


- 


2.7 
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5V RS232 Transceiver with 

3V Logic Interface and One 

Receiver Active in SHUTDOWN 



° 3V Logic Interface 

n ESD Protection over ±10kV 

n Uses Small Capacitors: 0.1 pF, 0.2jliF, I.OjliF 

° One Low Power Receiver Remains Active While in 

SHUTDOWN 
n Pin Compatible with LT1137A and LT1237 
° Operates to 120k Baud 
° CMOS Comparable Low Power: 30mW 
° Easy PC Layout - Flowthrough Architecture 
n Rugged Bipolar Design 
° Outputs Assume a High Impedance State When Off 

or Powered Down 
° Absolutely No Latchup 
° 60joA Supply Current in SHUTDOWN 
° Available in SO and SSOP Packages 

KKPpycfifiri©inis 

° Notebook Computers 
° Palmtop Computers 



The LT1330 is a three driver, five receiver RS232 trans- 
ceiver with low supply current. Designed to interface with 
new 3V logic, the LT1330 operates with both a 5V power 
supply and a 3V logic power supply. The chip may be shut 
down to micropower operation with one receiver remain- 
ing active to monitor RS232 inputs such as ring detect 
from a modem. 

The LT1 330 is fully compliant with all EIA RS232 specifi- 
cations. Additionally, the RS232 line input and output pins 
are resilientto multiple ±1 OkV ESD strikes. This eliminates 
the need for costly TransZorbs® on line pinsforthe RS232 
part. 

The LT1330 operates to 120k baud even driving high 
capacitive loads. During SHUTDOWN, driver and receiver 
outputs are at a high impedance state allowing devices to 
be paralleled. 



TransZorb is a registered trademark ot General Instruments, GSI 



¥M« fii(pipy€ffl©ini 




JZJ+ 

■ DRIVER 1 IN 

■ RX1 OUT 
• DRIVER 2 IN 

■ RX2 OUT 

■ RX3 OUT 

■ RX4 OUT 



0.1 nF ~T+ 



0.1 nF 



DRIVER 3 IN 
18 RX5 OUT (LOW-Q) 



GND 



DRIVER 
• DISABLE 



1 



Output Waveforms 



RING DETECT IN 

^CONTROLLER OR 
^PROCESSOR 

SHUTDOWN 
CONTROL OUT 
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RfisoiuTe mnximum nnnnGs 

(Note 1) 

Supply Voltage (V C c) 6V 

Supply Voltage (V L ) 6V 

V + 13.2V 

V" -13.2V 

Input Voltage 

Driver V"toV + 

Receiver -30V to 30V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3V to V L + 0.3V 

Short Circuit Duration 

V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1330I -40°C to 85°C 

LT1330C 0°C to 70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PflCKflG€/ORD€R inFORmnTion 



TOP VIEW 




DR3 OUT 
RX5IN 

(LOW-Q) 

ON/OFF 

3VV L 



DR3IN 

RX5 OUT 

(LOW-Q) 

GND 

DRIVER 

DISABLE 

NC 



J PACKAGE N PACKAGE 

28-LEAD CERAMIC DIP 28-LEAD PLASTIC DIP 



S PACKAGE 
28-LEAD SOL 



G PACKAGE 
28-LEAD SSOP 



TjMAX=150°C,ej A =62°C/W(J) 
TjMAX=150°C I 8 JA = 56 o C/W(N) 
TjMAX=150 o C,e JA = 85 o C/W(S) 
TjMAX=15O o C,0j A = 96 o C/W(G) 



ORDER PART 
NUMBER 



LT1330IJ 

LT1330CJ 

LT1330CN 

LT1330CS 

LT1330CG 



€l€CTMCm CHflRflCTCRISTICS (Note 2) 


PARAMETER CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply Generator 


V + Output 






7.9 


V 


V" Output 






-7 


V 


Supply Current (Vcc) 


T A = 25°C(Note3) 







6 
6 


12 
14 


mA 
mA 


Supply Current (V|_) 


(Note 4) 






0.1 


1 


mA 


Supply Current When OFF (V C c) 


SHUTDOWN (Note 5) 
DRIVER DISABLE 







0.06 
3.00 


0.15 


mA 
mA 


Supply Rise Time 
SHUTDOWN to Turn-On 


C1 = C2 = 0.2jiF, 

C + = 1.0nF,C- = 0.1pF 




0.2 


ms 


ON/OFF Pin Thresholds 


Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 






0.8 


1.4 
1.4 


2.4 


V 
V 


ON/OFF Pin Current 


0V<V 0N /off^5V 





-15 




80 


MA 


Driver Disable Pin Thresholds 


Input Low Level (Drivers Enabled) 
Input High Level (Drivers Disabled) 





0.8 


1.4 
1.4 


2.4 


V 
V 


Driver Disable Pin Current 


0V<V DR |VER DISABLE ^5V 





-10 




500 


MA 


Oscillator Frequency 


Driver Outputs Loaded R|_ = 3k 




130 


kHz 
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PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Any Driver 


Output Voltage Swing 


Load = 3ktoGI\ID Positive 

Negative 







5.0 


7.5 
-6.3 


-5.0 


V 
V 


Logic Input Voltage Level 


Input Low Level (Vout = High) 
Input High Level (Vout = Low) 






2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V<V| N <2V 







5 


20 


MA 


Output Short-Circuit Current 


V 0U T = 0V 




17 


mA 


Output Leakage Current 


SHUTDOWN Vout = ±30V (Note 5) 







10 


100 


MA 


Slew Rate 


R L = 3k,C L = 51pF 
R L = 3k,C L = 2500pF 




4 


15 
15 


30 


V/ms 
V/us 


Propagation Delay 


Output Transition tm. High to Low (Note 6) 
Output Transition t|_H Low to High 






0.6 
0.5 


1.3 
1.3 


MS 

US 


Any Receiver 


Input Voltage Thresholds 


Input Low Threshold (Vout = High) 
Input High Threshold (Vout = Low) 




0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 







0.1 


0.4 


1.0 


V 


Input Resistance 






3 


5 


7 


kQ 


Output Leakage Current 


SHUTDOWN (Note 5) < Vqut * V CC 







1 


10 


MA 


Receivers 1, 2, 3, 4 


Output Voltage 


Output Low, louT = - 1 -6mA 
Output High, I O ut = 160mA(V l = 3V) 




o 


2.7 


0.2 
2.9 


0.4 


V 
V 


Output Short-Circuit Current 


Sinking Current, Vout = Vcc 
Sourcing Current, Vqut = OV 




-10 
10 


-20 
20 




mA 
mA 


Propagation Delay 


Output Transition tm. High to Low (Note 7) 
Output Transition tm Low to High 






250 
350 


600 
600 


ns 
ns 


Receiver 5 (LOW Q-Current RX) 


Output Voltage 


Output Low, | OUT = -500juA 
Output High, I ut = 160pA (V L = 3V) 






2.7 


0.2 
2.9 


0.4 


V 
V 


Output Short-Circuit Current 


Sinking Current, Vout = Vcc 
Sourcing Current, Vout = OV 




-2 
2 


-4 
4 




mA 
mA 


Propagation Delay 


Output Transition tm. High to Low (Note 7) 
Output Transition tw Low to High 






1 
1 


3 
3 


MS 
MS 



The o denotes specifications which apply over the operating temperature 

range (0°C < Ta < 70°C for commercial grade, and -40°C < Ta < 85°C 

for industrial grade). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 

of the device may be impaired. 

Note 2: Testing done at Vcc = 5V and Von/off = 3V. 

Note 3: Supply current is measured as the average over several charge 

pump burst cycles. C + = 1 .OpF, C" = 0.1 pF, C1 = C2 = 0.2mF. All outputs 

are open, with all driver inputs tied high. 

Note 4: V L supply current is measured with all receiver outputs low. 



Note 5: Measurements in SHUTDOWN are performed with Von/off ^ 0.1V. 
Supply current measurements using DRIVER DISABLE are performed with 
Vdriver disable ^ 3V. 

Note 6: For driver delay measurements, Rl = 3k and C|_ = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing (tm. = 1 -4V to OV and t^ = 1 .4V to OV). 
Note 7: For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logic threshold and the output transition 
to standard TTL/CMOS logic threshold (t HL = 1 .3V to 2.4V and t LH = 1 TV 
to 0.8V). 
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Driver Output Voltage 



Receiver Input Thresholds 



Supply Current vs Data Rate 



R L = 3k 


1 
OUTPUT HI 


3H 


V CC = 5V 












1 












-Vcc = 


4.0V- 


















































HJTLC 


w — 










"OUTF 


■Vcc = 4.DV 












| 












V CC = 5V 
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INPUT HIGH 
























INPUT LOW 
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C L = 2500pF 
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TEMPERATURE (°C) 



25 50 75 100 125 150 
DATA RATE (kBAUD) 



Vcc Supply Current in 
SHUTDOWN 



Vcc Supply Current in 



150 



125 



1 

r 100 




_, 
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TEMPERATURE (°C) 


1330G04 


On/Off Thresholds 


2.5 


































>; 


















§ 20 

o 

S 1.5 

—1 

1 10 

i— 






















^N 


iHRES 


HOLD 




























OFF 


THRES 


;hold 
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TEMPERATURE (°C) 



5 


DRIVER DISABLE 










Driver Disable Threshold 




















3.0 
2.5 

§ 2.0 

o 
S 1-5 

—I 

o 
g 1-0 
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1 DRIVtn LUAutu 
R L = 3k 
























NC 


ROAD 




























"*^ 



-55 -25 25 50 75 100 125 
TEMPERATURE (°C) 



-55 -25 



25 50 75 
TEMPERATURE (°C) 
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Driver Leakage in SHUTDOWN 
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Driver Short-Circuit Current 



























4SC + 




























^sc _ 
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1330 G10 

Receiver Output Waveforms 




Receiver Short-Circuit Current 























v RX1 TO RX4 




















RXI IUKX4 
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RX5 
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RX5 l S c _ — | 
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TEMPERATURE (°C) 



DRIVER OUTPUT 

R L = 3k 

C L = 2500pF 

DRIVER OUTPUT 
R L = 3k 

INPUT 


Driver Output Waveforms 



V L = 3V 



pin Funaions 

Vcrj: 5V Input Supply Pin. This pin should be decoupled 
with a 0.1 jiF ceramic capacitor close to the package pin. 
Insufficient supply bypassing can result in low output 
drive levels and erratic charge pump operation. 

V L : 3V Logic Supply Pin for all RS232 Receivers. Like V C c, 
the V|_ input should be decoupled with a 0.1 jaF ceramic 
capacitor. This pin may also be connected to 5V. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Operating Mode Control. 
A logic low puts the device in the low power SHUTDOWN 
mode. All three drivers and four receivers (RX1 , RX2, RX3, 
and RX4) assume a high impedance output state in SHUT- 
DOWN. Only receiver RX5 remains active while the trans- 
ceiver is in SHUTDOWN. The transceiver consumes only 



60jaA of supply current while in SHUTDOWN. A logic high 
fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all driver 
outputs in a high impedance state. All five receivers remain 
active under these conditions. Floating the driver disable 
pin or driving it to a logic low level fully enables the 
transceiver. A logic low on the On/Off pin supersedes the 
state of the Driver Disable pin. Supply current drops to 
3mA when in DRIVER DISABLE mode. 

V + : Positive Supply Output. V + - 2V C c - 1.5V. This pin 
requires an external charge storage capacitor, C > 1 .OjjF, 
tied to ground or 5V. Larger value capacitors may be used 
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pin Funcnons 

to reduce supply ripple. The ratio of the capacitors on V + 
and V~ should be greater than 5 to 1 . 

V": Negative Supply Output. V« -(2V C c-2.5V). This pin 
requires an external charge storage capacitor, C > O.ljuF. 
See the Applications Information section for guidance in 
choosing filter capacitors for V + and V". 

C1 + , C1~, C2 + , C2": Commutating Capacitor Inputs re- 
quire two external capacitors, C > 0.2liF: one from C1 + to 
C1~, and another from C2 + to C2~ The capacitor's effec- 
tive series resistance should be less than 2a For C > 1 jaF, 
low ESR tantalum capacitors work well, although ceramic 
capacitors may be used with a minimal reduction in charge 
pump compliance. 

DRIVER IN: RS232 Driver Input Pins. These inputs are 
TTL/CMOS compatible. Unused inputs should be con- 
nected to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Driver output swing meets RS232 levels for loads up to 3k. 
Slew rates are controlled for lightly loaded lines. Output 
current capability is sufficient for load conditions up to 
2500pF. Outputs are in a high impedance state when in 
SHUTDOWN mode, V C c = OV, or when the driver disable 
pin is active. Outputs are fully short-circuit protected from 
V" + 30V to V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 



limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkV for 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. Open receiver 
inputs assume a logic low state. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. Outputs, including 
LOW-Q RX OUT, are fully short-circuit protected to ground 
or Vcc with the power on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low Power Receiver Input. This 
special receiver remains active when the part is in SHUT- 
DOWN mode, consuming typically 60|uA. This receiver has 
the same 5k input impedance and ±10kV ESD protection 
characteristics as the other receivers. 

LOW Q-CURRENT RX OUT: Low Power Receiver Output. 
This pin produces the same TTL/CMOS output voltage 
levels as receivers RX1, RX2, RX3, and RX4 with slightly 
decreased speed and short-circuit current. Data rates to 
120k baud are supported by this receiver. 



€SD PROTCCTIOn 

The RS232 line inputs of the LT1330 have on-chip protec- 
tion from ESD transients up to ±1 OkV. The protection 
structures act to divert the static discharge safely to 
system ground. In order for the ESD protection to function 
effectively, the power supply and ground pins of the 
LT1 330 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is that 
low ESR capacitors' must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V|_, V + , V", and GND shorted to ground or connected with 
low ESR capacitors. 



ESD Test Circuit 




o/iiifzz: 

I0.2nF + 
+ -±r 

DRIVER 1 IN 
RX1 OUT 
DRIVER 2 IN 
RX2 OUT 
RX3 OUT 
RX4 OUT 
DRIVER 3 IN 
RX5 OUT (LOW-Q) 

GND 

DRIVER DISABLE 
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Rppucfflions inFORmnnon 

Storage Capacitor Selection 

The V + and V' storage capacitors must be chosen care- 
fully to insure low ripple and stable operation. The LT1 330 
charge pump operates in a power efficient Burst Mode™. 
When storage capacitor voltage drops below a preset 
threshold, the oscillator is gated on until V + and V" are 
boosted up to levels exceeding a second threshold. The 
oscillator then turns off, and current is supplied from the 
V + and V" storage capacitors. 

The V" potential is monitored to control charge pump 
operation. It is therefore important to insure lower V + 
ripple than V" ripple, or erratic operation of the charge 
pump will result. Proper operation is insured in most 
applications by choosing the V + filter capacitor to be at 
least 5 times the V" filter capacitor value. If V + is more 
heavily loaded than V", a larger ratio may be needed. 

The V" filter capacitor should be selected to obtain low 
ripple when the drivers are loaded, forcing the charge 
pump into continuous mode. A minimum value 0.1 |aF is 
suggested. 



Do not attempt to reduce V~ ripple when the charge pump 
is in discontinuous Burst Mode™ operation. The ripple in 
this models determined by internal comparator thresh- 
olds. Larger storage capacitor values increase the burst 
period, and do not reduce ripple amplitude. 

Power Saving Operational Modes 

The LT1330 has both SHUTDOWN and DRIVER DISABLE 
operating modes. These operating modes can optimize 
power consumption based upon applications needs. 

The On/Off shutdown control turns off all circuitry except 
for Low-Q RX5. When RX5 detects a signal, this informa- 
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the DRIVER 
DISABLE mode provides a power efficient operating op- 
tion. The DRIVER DISABLE mode turns off the charge 
pump and RS232 drivers, but keeps all five receivers 
active. Power consumption in DRIVER DISABLE mode is 
3mA from Vcc- 

Burst Mode is a trademark of Linear Technology Corporation 



Typical Mouse Driving Application 




1|xF 
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FCRTURCS 

■ RS232 Compatible 3 Volt Operation 

■ 3V Logic Interface 

■ ESD Protection Over ±10kV 

■ One Low Power Receiver Remains Active While in 
SHUTDOWN 

■ 60mA Supply Current in SHUTDOWN 

■ Low Power Driver Disable Mode 

■ Uses Small Capacitors (O.VF, 0.2liF, 1 .O^F) 

■ Operates to 120k Baud 

■ CMOS Comparable Low Power: 60mW 

■ Easy PC Layout Flow-Through Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When 
Off or Powered Down 

APPLICATIONS 

■ Notebook Computers 

■ Palmtop Computers 



LT1331 



3V RS562 or 5V/3V RS232 

Transceiver with One Receiver 

Active in SHUTDOWN 

February, 1993 

D€SCMPTION 

The LT1331 is a 3 driver, 5 receiver RS232 transceiver 
designed for 3V and mixed 3V/5V systems. Receivers 
operate from 3V supply Vl, while the on-board charge pump 
and drivers operate from 5V or 3V supply Vcc- 

The transceiver has two shutdown modes. One mode dis- 
ables the drivers and the charge pump, the other shuts down 
all circuitry except for one low power receiver which can be 
used for ring detection. The Vcc supply may be shut down 
while in ring detection mode. While shut down, the drivers 
and receivers assume high impedance output states. 

The LT1331 is fully compliant with all EIA-RS232 specifica- 
tions when Vcc=5V. If Vcc=3V, output drive levels are 
compatible with all known interface circuits. Special bipolar 
construction techniques protect the drivers and receivers 
beyond the fault conditions stipulated for RS232. The RS232 
I/O pins are resilient to multiple ±10kV ESD strikes. An 
advanced driver output stage operates up to 120k baud while 
driving heavy capacitive loads. 



Typical Application 



^£ 5V/3VVcc-(T 



DRIVER 1 OUT [T 

RX1 IN|T 

DRIVER 2 OUT [T 

RX2INQF 

RX3INQT 

RX4 IN[10 

DRIVER 3 OUT [TT 

lRX5IN(LOW-Q)[J2 

ON/OFF i-U! 

3VVL HH 



TO 
LINE 




HhfJl 



0.1 |iF 



2| DRIVER 1 IN 

24| RX10UT 

2| DRIVER 2 IN 

22] RX2 0UT 

21] RX3 0UT 

20] RX4 0UT 

m DRIVER 3 IN 

fi n RX5 0UT(L0W-Q), 



DRIVER DISABLE 



TO LOGIC 



RING DETECT IN 

|i CONTROLLER OR 
(xPROCESSOR 

SHUTDOWN CONTROL OUT 
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flftSOLUTC MAXIMUM RATINGS 

Supply Voltage (V C c) 6V 

Supply Voltage (V L ) 6V 

V+ 13.2V 

V- -13.2V 

Input Voltage 

Driver V+ to V- 

Receiver 30V to -30V 

ON/OFF -0.3V to V CC +0.3V 

Driver Disable -0.3V to V C c+0.3V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3V to V|_+0.3V 

Short Circuit Duration 

V+ 30s 

V- 30s 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1331C 0°C to 70°C 



PACKAGC/ORDCR INFORMATION 



V+ 

5W3VVcc 

C1+ 

C1- 

DRIVER 1 OUT 

RX1 IN 

DRIVER 2 OUT 

RX2IN 

RX3IN 

RX4IN 

DRIVER 3 OUT 

RX IN 5 (LOW-Q) 

ON/OFF 

3VVL 

J PACKAGE 
28-LEAD CERAMIC DIP 

S PACKAGE 
28-LEAD PLASTIC SOL 




V- 

C2- 

C2+ 

DRIVER 1 IN 

RX 1 OUT 

DRIVER 2 IN 

RX2 0UT 

RX3 0UT 

RX4 0UT 

DRIVER 3 IN 

RX 5 OUT (LOW-Q) 

GND 

DRIVER DISABLE 



N PACKAGE 
28-LEAD PLASTIC DIP 

G PACKAGE 
28-LEAD PLASTIC SSOP 



ORDER PART 
NUMBER 



LT1331CJ 
LT1331CN 
LT1331CS 
LT1331CG 



€l€CTMCfll CHRRflCrcmSTKS (Note n 


PARAMETER 


CONDITIONS 




MIN 


TYP 


MAX 


UNITS 


Power Supply Generator 










V+Output 


V CC =5V 
V CC =3.3V 




8.6 
5.5 


V 
V 


V-Output 


V CC =5V 
V CC =3.3V 




-7.0 
-4.8 


V 
V 


Supply Current (V C c) 


V cc =5V(Note2) 
V CC =3.3V 






12 
12 


17 
17 


rrA 
rrA 


Supply Current (V0 


(Note 3) 






3 


5 


rrA 


Supply Current When OFF(V C c) 


SHUTDOWN (Note4) 
DRIVER DISABLE 


• 




2 
0.1 


50 

1 


MA 
rrA 


Supply Current When OFF(V L ) 


SHUTDOWN (Note4) 
DRIVERDISABLE 


• 




60 
3 


100 
5 


MA 
mA 


Supply RiseTime, SHUTDOWNtoTurnOn 


C1=C2=0.2uF,C+=1.0jiF,C-=0.1^F 




2 


msec 


ON/OFFPinThresholds 


InputLowLevel (Device SHUTDOWN) 
Input High Level (Device Enabled) 


• 
• 


2.4 


1.4 
1.4 


0.8 


V 
V 


ON/OFFPinCurrent 


OV^Von/off^SV 


• 


-15 




80 


MA 


Driver Disable PinThresholds 


Input Low Level (Drivers Enabled) 
Input High Level (Drivers Disabled) 


• 
• 


2.4 


1.4 
1.4 


0.8 


V 
V 


DRIVERDISABLEPinCurrent 


0VsV DR |VER DISABLE ^5V 


• 


-10 




500 


ma 
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eiCCTMCfll CHARACTCRISTICS (Note 2) 



PARAMETER 


CONDITIONS 




MIN 


TYP 


MAX 


UNITS 


Any Driver 










Output Voltage Swing, Positive 


V cc =5V,R L =3k 
Vcc=3.3V,R L =3k 


• 


5.0 
3.7 


6.5 
4.0 




V 
V 


Output Voltage Swing, Negative 


V cc =5V,R L =3k 
V C c=3.3V,R L =3k 


• 




-6.0 
-3.3 


-5.0 
-2.7 


V 
V 


Logic Input Voltage Level 


Input Low Level (V uT=High) 
Input High Level (Vqut=Low) 


• 
• 


2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V <sV, N s 2.0V 


• 




5 


20 


MA 


Output Short Circuit Current 


V ut=0V 




17 


mA 


Output Leakage Current 


SHUTDOWN Vout = ±30V (Note 4) 


• 




10 


100 


MA 


Slew Rate 


R L =3K,C L =51pF 
R L =3K,C L =2500pF 






15 
6 


30 


V/ns 
V/^s 


Propagation Delay 


Output Transition tHL High to Low (Note 5) 
Output Transition tLnLowto High 






0.6 
0.5 


1.3 
1.3 


tiS 


Any Receiver 










InputVoltageThresholds 


InputLowThreshold (Vqut= High) 
Input HighThreshold(VouT= Low) 




0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 




• 


0.1 


0.4 


1.0 


V 


Input Resistance 






3 


5 


7 


ka 


Receivers 1 Through 4 










OutputVoltage 


OutputLow,iouT=-1-6mA 
OutputHigh,i uT=160^A(V L =3.3) 


• 
• 


2.0 


0.2 
2.4 


0.4 


V 
V 


Output Short Circuit Current 


Sinking Current, Vqut =Vcc 
Sourcing Current, Vqut= 0V 




10 


-20 
20 


-10 


mA 
mA 


Propagation Delay 


Output Transition ^l High to Low (Note 6) 
Output Transition t LH Lowto High 






250 
350 


600 
600 


nS 
nS 


Ouput Leakage Current 


SHUTDOWN (Note 4) * V 0U t *V cc 


• 




1 


10 


HA 


Receiver 5 (LOW Q-CURRENT RX) 










OutputVoltage 


Output Low, iouT=-500|iA 
Output High, i OUT =160|iA(V L =3V) 


• 
• 


2.0 


0.2 
2.4 


0.4 


V 
V 


Output Short Circuit Current 


Sinking Current, Vqut = Vcc 
Sourcing Current, Vqut = 0V 




2 


-4 
4 


-2 


mA 
mA 


Propagation Delay 


OutputTransitiontHi_Highto Low (Note 6) 
Output Transition tm Lowto High 






1.0 
1.0 


3 
3 


us 

jiS 



Thet denotes specifications which apply overthe operating temperature 

range. (0 °C <; T A s 70° C for commercial grade, -40°C =sT A * 85°C for 

industrialgrade,and-55°C^T A ^125°Cformilitarygrade.) 

Note 1 : Testing done at V C c = 5 V, V L =3 .3V, and V n/off=3V. 

Note2:Supplycurrentismeasuredastheaverageoverseveralchargepump 

burst cycles.C+=1 .0|iF,C-=0.1 |iF, C1 =C2=0.2jiF. All outputsare open, with 

all driver inputstied high. 

Note3:V|_ supply current is measured with all receiver outputs high. 



Note4: Supply currentand leakagecurrentmeasurements inSHUTDOWNare 
performed with V |\i/off^O-1V. Supply current measurements using DRIVER 
D ISABLE are performed with Vqriver disable ^3V. 
Note5:Fordriverdelay measurements, R L =3KandC L =51pF. Trigger points 
are set between the driver's input logicthreshold and the outputtransition to 
the zero crossing. (t H |_ = 1 -4Vto OVand t LH = 1 .4Vto OV) 
Note6:Forreceiverdelaymeasurements,CL=51pF. Trigger points are set 
betweenthe receiver's input logic threshold and the outputtransition to 
standardTTL/CMOS logicthreshold. (tH L =1 .3Vto2.0Vandt LH =1 .7Vto0.8V) 
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PIN FUNCTIONS 

Vcc: 3V or 5V power supply for charge pump and drivers. 
This supply is not used by keep alive receiver RX5, so Vcc 
may be powered down when in the SHUTDOWN mode 
for system power savings. The Vcc pin should be 
decoupled with a 0.1 pF ceramic capacitor. 

Vl: 3V power supply for receivers. The V[_ pin should be 
decoupled with a 0.1 pF ceramic capacitor. 

GND: Ground. 

ON/OFF: A TTL/CMOS compatible operating mode 
control. A logic low puts the device in the SHUTDOWN 
mode. All drivers and four of the receivers go to a high 
impedance state, and the Vcc supply may be turned off. 
A logic high fully enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate 
operating mode control. A logic high shuts down the 
charge pump, placing all drivers in a high impedance 
state. All receivers remain active. Floating the pin, or 
driving it to a logic low, fully enables the transceiver. 

V + : Positive supply output. V + s 2Vcc - 1.5V. The V + 
output is short circuit proof for 30 seconds. This pin 
requires an external capacitor for charge storage. With 
Vcc=3V, the V + charge storage capacitor should be 
chosen to minimize ripple to acceptable levels. A 
minimum size of 0.1 pF is recommended for 3V operation. 
With Vcc=5V, the capacitor must be at least 5X the value 
chosen for the V" storage capacitor. The recommended 
minimum value of C + for 5V operation is 1pF. (Units 
shipped with date code after 9326 may use 0.1 pF filter 
capacitors on V + ). 

V": Negative supply output. V s -(2Vcc-2.5V). V is short 
circuit proof for 30 seconds. This pin requires an external 
charge storage capacitor. The V' storage capacitor should 
be chosen to minimize ripple on V". A minimum value of 
0.1 pF is recommended. When Vcc=5V, ripple must be 
measured with the outputs loaded to insure continuous 
mode operation of the charge pump. See Applications 
Information for additional guidance in choosing storage 
capacitors. 



C1 + ;C1';C2 + ;C2": Commutating capacitor inputs. These 
pins require two external capacitors C s> 0.2pF. One from 
C1 + to C1", and another from C2 + to C2". To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 2 Ohms. Low ESR 
tantalum capacitors work well in this application, 
although small value ceramic capacitors may be used 
with minimal reduction in charge pump compliance. 

DRIVER IN: RS232 driver inputs. Inputs are TTL7CM0S 
compatible. Tie unused inputs to Vcc- 

DRIVER OUT: RS232 Driver outputs. Outputs are in a 
high impedance state when in SHUTDOWN , Driver 
Disable, or Vcc = ov - Outputs are fully short circuit 
protected from V" + 30V to V + - 30V. Although the 
outputs are protected, short circuits on one output can 
load the power supply generator and may disrupt the 
signal levels of the other outputs. The driver outputs are 
protected against ESD to ±10kV for human body model 
discharges. Output levels of -3.3V to 4V are achieved 
when the circuit is operated with Vcc = 3.3V. 

RX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k Ohm terminating 
resistor. The receiver inputs are protected against ESD to 
±10kV for human body model discharges. Each receiver 
provides 0.4V of hysteresis for noise immunity. 

RX OUT: Receiver outputs. Outputs are in a high 
impedance state when in SHUTDOWN mode to allow data 
line sharing. Outputs, including L0W-Q RXOUT, are fully 
short circuit protected to ground, Vcc, or Vl. 

LOW Q RX IN: Low power receiver input. This receiver 
remains active in SHUTDOWN mode, consuming only 
60pA from supply Vl. This receiver has the same input 
and protection characteristics as the other receivers. 

LOW Q RX OUT: Low power receiver output. This pin 
produces the same output levels as standard receivers, 
with slightly decreased speed and short circuit current. 
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APPLICATIONS INFORMATION 

POWER SAVING OPERATIONAL MODES 

The LT1331 has both Shutdown and Driver Disable oper- 
ating modes. These operating modes can optimize power 
consumption based upon applications needs. 

The Shutdown control turns off all circuitry except for 
Low-Q RX5. RX5 operates entirely from the V|_ power 
supply, so the power consumption from Vcc drops to 
zero. The Vcc P° wer supply may be turned off while in 
shutdown, which may allow greater power savings in 
some systems. When RX5 detects a signal, this informa- 
tion can be used to wake up the system for full operation. 

If more than one line must be monitored, the Driver 
Disable mode provides a power efficient operating option. 
The Driver Disable mode turns off the charge pump and 
RS232 drivers, but keeps all five receivers active. Power 
consumption in Driver Disable mode is 3mA from V[_ and 
less than 100pA from Vcc- 

Shutdown and Driver Disable operating modes are avail- 
able in both mixed 5V/3V or 3V only power supply 
operation. 

MIXED 5V/3V OPERATION 

Driver Outputs 

When operated with Vcc=5V and V|_=3.3V supplies, the 
RS232 Drivers meet or exceed all RS232 or V.28 commu- 
nication interface standards. Data rates up to 120k baud 
are supported, and all standard RS232 compatible mice 
may be driven by the LT1331. 

Driver outputs are protected from line shorts to ground or 
power supplies. Overvoltage conditions to +/-30V are tol- 
erated in operational , SHUTDOWN or power off modes. 
Outputs of other drivers may be adversely affected during 
the fault conditions however. 

Storage Capacitor Selection 

The V + and V" storage capacitors must be chosen carefully 
to insure low ripple and stable operation of the LT1331 . The 



V" filter capacitor should be selected to obtain low ripple 
when the drivers are loaded, forcing the charge pump into 
continuous operating mode. A minimum value 0.1 pF is 
suggested. 

Do not attempt to reduce V" ripple when the charge pump 
is in discontinuous operation. The ripple in this mode is 
determined by internal comparator thresholds. Larger 
storage capacitor values increase the burst period, and do 
not reduce ripple amplitude. 

V+ filter capacitor selection must insure lower V + ripple 
than V' ripple, or erratic operation of the charge pump will 
result. Proper operation is insured in most applications by 
choosing the V + filter capacitor to be at least 5X the V" filter 
capacitor value. If V + is more heavily loaded than V", a larger 
ratio may be needed. (The requirement for larger V+ filter 
capacitance will not be needed on units with date code 
9326 or later, 0.1 pF will be acceptable.) 

+3V OPERATION 

Driver Outputs 

The LT1331 is not fully compliant with RS232 or V.28 
standards when operated from 3V supplies, however 
there is sufficient output voltage swing to interface with 
nearly all RS232 receivers and transceivers. The driver 
output swing, when operated with Vcc=3.3V, is guaran- 
teed to be at least -2.7V to 3.7V, with typical swing being 
-3.3 to 4.0V. This insures compatibility with all commonly 
used RS232 and RS562 interface circuits. Table 1. 
summarizes the receiver input threshold specifications 
for RS232 circuits from many manufacturers. Only a few 
receivers with negative thresholds are not fully compat- 
ible with the LT1331 driver outputs. 

Storage Capacitor Selection 

V + and V' storage capacitor selection is less critical for 
Vcc=3V operation. The charge pump always operates 
continuously with Vcc=3V, so interaction between C + and 
C" does not occur. Each capacitor may be chosen indepen- 
dently to reduce ripple to an acceptable level. The only 
constraint is that each capacitor should be > 0.1 pF. 



jnr\ 



1-59 



LT1331 



APPLICATIONS INFORMATION 



Table 1. Commonly Used RS232 Interface Circuit Receiver Thresholds 



MANUFACTURER 


PARTNUMBER 


COMPATIBLE 


INPUTLOWTHRESHOLD 


INPUTHIGHTHRESHOLD 








MIN TYP MAX 


MIN TYP MAX 


LINEARTECHNOLOGY 


LT1080 


V 


0.8 1.3 


1.7 2.4 




LT1137A 


V 


0.8 1.3 


1.7 2.4 




LT1330 


V 


0.8 1.3 


1.7 2.4 




LT1281 


V 


0.8 1.3 


1.7 2.4 




ALLOTHERS 


V 






TEXASINSTRUMEiMTS 


SN75189 


V 


0.65 1.0 1.25 


0.9 1.3 1.6 




SN75189A 


V 


0.65 1.0 1.25 


1.55 1.9 2.25 




MAX232 


V 


0.8 1.2 


1.7 2.4 




SN75C185 


V 


0.65 1.0 1.25 


1.6 2.1 2.55 


MAXIM 


MAX232A 


V 


0.8 1.3 


1.8 2.4 




MAX241 


V 


0.6 1.2 


1.5 2.4 


SIPEX 


SP232 


V 


0.8 1.2 


1.7 2.4 




SP301 


V 


0.75 - 1.35 


1.75 - 2.5 


MOTOROLA 


MC1489 


V 


0.75 - 1.25 


1 - 1.5 




MC1489A 


V 


0.75 0.8 1.25 


1.75 1.95 2.25 


NATIONAL 


DS1489 


V 


0.75 1.0 1.25 


1.0 1.25 1.5 




DS14C89A 


V 


0.5 - 1.9 


1.3 - 2.7 





TVPICAL APPLICATIONS 



Basic Mixed 5V/3V Supply Operation 



Basic 3V Supply Operation 



TO 
LINE 




1.0|xF=J= ,_ 

T Vcc=5V -[T 

DRIVER 1 OUT [5-lr 
RX1IN[6-I 
DRIVER 2 OUT|T 
RX2IN 
RX3IN[][ 
RX4 IN|To 
DRIVER 3 OUT QT 
l RX5IN(LOW-Q)|l2 
ON/OFF 01 
VL=3.3V E 



2§- 




:2xO.VF 



I 



0.1 |iF 



2| DRIVER 1 IN 
24| RX10UT 
2| DRIVER 2 IN 
2J RX2 0UT 
21] RX3 0UT 

RX4 0UT 

DRIVER 3 IN 
VS\ RXBOUTfLOW-Q^ 

GND 

DRIVER DISABLE 



0.1pF=j 



TO 

LINE 



1£ Vcc=3.3V-{T 

" jj 1 H 

2X0.1,J= {=4= j j 

- DRIVER 1 OUT [F-r 
RX1IN§M, 
DRIVER 2 OUT 
RX2INQT 
RX3INQT 
RX4 INgo 
DRIVER 3 OUT QT 
^RXSINU-OW-COQI 
ON/OFF 
VL=3.3V P 




5g__^^2xO.VFl 

25] DRIVER 1 IN 

2| RX10UT 

2| DRIVER 2 IN 

22] RX2 0UT 

21] RX3 0UT 

20) RX4 0UT 

19] DRIVER 3 IN 

i|] RX5 0UT(L0W-Q) 

H^GND 

DRIVER DISABLE 



0.1 [xF 



► TO LOGIC 
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TWICfll IMPLICATIONS 



43.3V Parallel Operation with Shared Storage Capacitors 



LT1331 



1MF £Jr 



2X0.VF 



TO 
LINE 



DRIVER 1 OUT (T 
RX1IN|T 




Vcc=3.3V -{T 



DRIVER 2 OUT [T 

RX2INU 

RX3IN 

RX4 INQO 

DRIVER 3 OUT E 

RX5IN(LOW-Q)|l2 

ON/OFF 
VL=3.3V E 



=k W 



4==j =2xO.VF-4- 

DRIVER 1 IN 
{>— [|g RX10UT 
53] DRIVER 2 IN 
22] RX2 0UT 
21] RX3 0UT ^ 

j|l 1| >— ?3 RX4 0UT 

ffij| 1, — od-Tf] DRIVER 3 IN 

T5] RX5 0UT(LOW-Q) 
T7KGND 



2 x 0.1 fxF 



TO LOGIC 
TO 
LINE 



DRIVER DISABLE 



Vcc=3.3V -{7 

DRIVER10UT[F-'r 

RX1IN|T-li 

DRIVER 2 OUT [T 

RX2IN 

RX3IN|T 

RX4 INQO 

DRIVER 3 OUT QT 

l RX5IN(LOW-Q)|T2 

ON/OFF E| 

VL=3.3V IH 




[4=2x0.1nF 



DRIVER 1 IN 

RX10UT 

DRIVER 2 IN 
22] RX2 0UT 
21] RX3 0UT 
20) RX4 0UT 
19] DRIVER 3 IN 
18] RX5 0UT(LOW-Q)J 
17^1 GND 

DRIVER DISABLE 
El 



TO LOGIC 



€SD PftOTCOION 



ESD Test Circuit 



The RS232 line inputs of the LT1331 have on-chip protec- 
tion from ESD transients up to ±10kV. The protection 
structures act to divert the static discharge safely to 
system ground. In order for the ESD protection to function 
effectively, the power supply and ground pins of the 
LT1331 must be connected to ground through low imped- 
ances. The power supply decoupling capacitors and charge 
pump storage capacitors provide this low impedance in 
normal application of the circuit. The only constraint is 
that low ESR capacitors must be used for bypassing and 
charge storage. ESD testing must be done with pins Vcc, 
V[_, V + , V", and GND shorted to ground or connected with 
low ESR capacitors. 



RS232 LINE PINS 
PROTECTED TO 
±10kV 




DRIVER 1 OUT [5 

RX1INQ[ 

DRIVER 2 OUT [7 

RX2INE 

RX3IN 

RX4IN[T0 

DRIVER 3 OUT E 

RX5IN(L0W-Q)[i2 

01 



ON/OFF 
+3V 



0.1 uF 2 







25] DRIVER 1 IN 
24] RX10UT 

DRIVER 2 IN 
22] RX2 0UT 

RX3 0UT 
20] RX4 0UT 
TJ] DRIVER 3 IN 
H RX5 0UT(L0W-Q) 
H^GND 

DRIVER DISABLE 



JDTU 
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LT1332 
WideSupplyRange 



F€flTUR€S 

■ Generates Full RS232 Signal Levels from 3V Supply 

■ 12V Vpp Output Available for FLASH Memory 

■ Useful with a Wide Variety of Switching Regulators 

■ Low Supply Current, l(Vcc) = 1mA 

■ Wide Supply Range , 2 <; Vcc <; 6 

■ ESD Protection to ±10kV 

■ Operates to 120kbaud 

■ Outputs Assume a High Impedance States When 
Off or Powered Down 

■ One uPower Receiver Remains Active while in 
SHUTDOWN 

■ Flow Through Architecture Eases PC Board Layout 

■ 60[iA Supply Current in SHUTDOWN 

■ Absolutely No Latchup 

■ Available in SO and SSOP Packages 

APPLICATIONS 

■ Notebook and Palmtop Computers 

■ Mouse Driver Circuits 



Low PowerRS232Transceiver With 
1 2V Vpp Outputfor FLASH Memory 

February, 1993 

D6SCAIPTION 



The LT1332 is a 3 driver, 5 receiver RS232 transceiver, 
designed to be used in conjunction with a switching 
regulator. The LT1332 shares the regulator's positive 
output, while charge is capacitively pumped from the 
regulator's switch pin to the negative supply. Schottky 
rectifiers built into the LT1332 simplify the charge pump 
design. 

The LT1332/Switcher combination generates fully com- 
pliant RS232 signal levels from as little as 2V of input 
supply. The switcher can deliver greater than 100mA of 
ouput current, making the LT1332 an excellent choice for 
mouse driver circuits. 

Advanced driver output stages operate up to 120Kbaud 
while driving heavy capacitive loads. New ESD structures 
on chip make the LT1332 resilient to multiple ±10kV 
strikes, eliminating costly transient supressors. 

A shutdown pin disables the transceiver except for one 
receiver which remains active for detecting incoming 
RS232 signals. When shutdown, the drivers and receiv- 
ers assume high impedance output states. 



SWITCHER VIN 
2AA BATTERIES 
UPT0 6V 
22jiF< 



STANDARD FLASH MEMORY Vpp GENERATOR 

33nH* 



T 



_JTYY\_ 



_D 



VIN SW 

LT1109A-12 

swon^ff SENSE 



GND 



PGND 



"H 



MBRS130T3 12V Vpp OUTPUT' ' 



22fiF : 



1 



1|iF 
V+ 



[T— «fl 22| J_ 

[T ^o ?]] 

E — < — zg 



+L1 = SUMIDA CD54-330N (708-956-0666) 
•AVXTAJE226K035 



+3VRS232VCC — 
0.1 nF 



T7 

-£5 



|TJL j_ 




E — > — H 

NC [7j LT1332 g RS232 ON/OFF 



10nF 



T 



LT1332 powered from an LT1109A micropower switching regulator configured for FLASH memory. 
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TECHNOLOGY 



LTC1337 

5V Micropower RS232 
3-Driver/5-Receiver Transceiver 

January 1993 



F€flTUR€S 



300|jA 



■ Low Supply Current 

■ 1jjA Supply Current in SHUTDOWN 

■ ESD Protection 0ver±10kV 

■ Operates from a Single 5V Supply 

■ Uses Small Capacitors 0.1 jjF 

■ Operates to 120k Baud 

■ Three-State Outputs Are High Impedance When Off 

■ Output Overvoltage Does Not Force Current Back into 
Supplies 

■ RS232 I/O Lines Can Be Forced to ±25V without 
Damage 

■ Pin Compatible with LT1 1 37A and LT1 237 

■ Flowthrough Architecture 

flppucOTions 

■ Notebook Computers 

■ Palmtop Computers 



D€SCMPTIOn 

The LT1337 is a 3-driver/5-receiver RS232 transceiver 
with very low supply current. In the no load condition, the 
supply current is only 300|A The charge pump only 
requires four 0.1 |jF capacitors and can supply up to 1 2mA 
of extra current to power external circuitry. 

In SHUTDOWN mode, the supply current is further re- 
duced to 1|jA. All RS232 outputs assume a high imped- 
ance state in SHUTDOWN and with the power off. 

The LTC1337 is fully compliant with all RS232 specifica- 
tions. The transceiver can operate up to 1 20k baud with a 
1000pF//3kft load. Both driver outputs and receiver in- 
puts can be forced to ±25V without damage, and can 
survive multiple ±10kV ESD strikes. 

The LTC1337 is the first of LTC's new micropower inter- 
face products. Other driver/receivercombination versions 
will be available shortly. Call factory for newest released 
products. 



TVPicni nppucflTion 



3-Drivers/5-Drivers with SHUTDOWN 



Supply Current 




_!__ C4 
-^ O.ljiF 



,T500 



£ 400 

Q. 
O 
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cc 
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LTC1337 



nssotuT€ mnximum RRTinGs 

Supply Voltage (V C c) 6V 

Input Voltage 

Driver -0.3V to V C c + 0.3V 

Receiver -25V to 25V 

On/Off Pin -0.3V to V cc + 0.3V 

Output Voltage 

Driver -25V to 25V 

Receiver -0.3V to V C c + 0.3V 

Short Circuit Duration 

V + 30 sec 

V" 30 sec 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 
Commercial (LTC1337C) 0°Cto 70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PRCKRG€/ORD€R inFORmflTIOn 



TOP VIEW 




N PACKAGE S PACKAGE 

28-LEAD PLASTIC DIP 28-LEAD PLASTIC SOL 

G PACKAGE 

28-LEAD SSOP 



ORDER PART 
NUMBER 



LTC1337CN 
LTC1337CS 
LTC1337CG 



DC €L€CTRKRL CHRRRCTCRISTICS V C c = 5V,C1=C2 = C3 = C4 = 0.1nF, unless otherwise noted. 


PARAMETER | CONDITIONS 


MIN TYP MAX 


UNITS 


Any Driver 


Output Voltage Swing 


3ktoGND Positive 

Negative 




5.0 7.0 
-5.0 -6.5 


V 
V 


Logic Input Voltage Level 


Input Low Level (Vqut = High) 
Input High Level (Vout = Low) 




1.4 0.8 
2.0 1.4 


V 
V 


Logic Input Current 


V, N = 5V 
Vin = 




5 
-5 


MA 

ma 


Output Short-Circuit Current 


V O ut = 0V 




±10 


mA 


Output Leakage Current 


SHUTDOWN, Vqut = ±20V (Note 3) 




10 100 


MA 


Any Receiver 


Input Voltage Thresholds 


Input Low Threshold 
Input High Threshold 




0.8 1.3 

1.7 2.4 


V 
V 


Hysteresis 






0.1 0.4 1 


V 


Input Resistance 






3 5 7 


ka 


Output Voltage 


Output Low, Iqut = -1 -6mA (Vcc = 5V) 
Output High, I ut = 160nA (V C c = 5V) 




0.2 0.4 
3.5 4.8 


V 
V 


Output Short-Circuit Current 


Sinking Current, Vqut = Vcc 




-15 -40 


mA 


Output Leakage Current 


SHUTDOWN, < Vqut ^ V cc (Note 3) 




1 10 


MA 


Power Supply Generator 


V + Output Voltage 


Iout = 0mA 
Iout = 12mA 




7.0 8.0 
6.8 7.5 


V 
V 


V" Output Voltage 


Iout = 0mA 
Iout = 12mA 




-7.0 -8.0 
-6.3 -7.0 


V 
V 


Supply Rise Time 


SHUTDOWN to Turn-On 




0.2 


ms 
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LTC1337 



DC €L€CTMCm CHfiRACTCfflSTKS v cc =5v,ci=c2=c3 = c4 


= O.lpF, unless otherwise noted. 




PARAMETER CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Power Supply 


Vcc Supply Current 


No Load (Note 2) 


• 




0.3 


0.5 


mA 


Supply Leakage Current (Vcc) 


SHUTDOWN (Note 3) 


• 




1 


10 


MA 


On/Off Threshold Low 




• 




1.4 


0.8 


V 


On/Off Threshold High 




• 


2.0 


1.4 




V 


AC CHflRflCT€MSTICS 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Slew Rate 


R L = 3k,C L = 51pF 
R L = 3k,C L = 2500pF 




2 


8 
4 


30 


V/lis 
V/lis 


Driver Propagation Delay 


t HL D (Figure 1) 


• 




2 


3 


US 


(TTLtoRS232) 


t|_HD (Rgure 1) 


• 




2 


3 


^ 


Receiver Propagation Delay 


t HL R (Figure 2) 


• 




0.3 


0.6 


lis 


(RS232toTTL) 


tLHR (Rgure 2) 


• 




0.2 


0.6 


MS 



The • denotes specifications which apply over the operating temperature 
range (0°C<T A <70°C). 

Note 1: Absolute Maximum Ratings are those values beyond which the life 
of the device may be impaired. 



Note 2: Supply current is measured with driver and receiver outputs 
unloaded and driver inputs tied high. 

Note 3: Supply current measurement in SHUTDOWN is performed with 
V ON = 0V. 



swiKHiriG Time lunvcFonms 



DRIVER 
INPUT 



DRIVER 
OUTPUT 



1.4v\ 



tLHD-*H 



1.4V # 



t 



tHLD 



■Vcc 

-0V 
V + 



RXIN 



RX 
OUTPUT 



^ 



tLHR-*- 



C 



£ 



tHLR 



Vcc 

0V 

Vcc 
0V 



Figure 1 . Driver Propagation Delay Timing 



Figure 2. Receiver Propagation Delay Timing 



T€ST CIRCUITS 



DRIVER 
INPUT" 




DRIVER 
OUTPUT 
DRIVER >0— ♦■ 1 



^p51 P F^3k 



RXIN 




51 pF 



Figure 3. Driver Timing Test Load 



Figure 4. Receiver Timing Test Load 



jnr\ 
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LTC1337 



pin Funcnons 

Vcc: 5V Input Supply Pin. Supply current less than 1 \iA in 
the SHUTDOWN mode. This pin should be decoupled with 
a 0.1 |iF ceramic capacitor. 

GND: Ground Pin. 

ON/OFF: TTL/CMOS Compatible Shutdown Pin. A logic 
low puts the device in the SHUTDOWN mode which 
reduces input supply current to less than IpAand places 
all drivers and receivers in high impedance state. 

V + : Positive Supply Output (RS232 Drivers). V + = 2V C c - 
1 V. This pin requires an external capacitor C = 0.1 jiF for 
charge storage. The capacitor may be tied to groundor5V. 
With multiple devices, the V + and V" pins may be paral- 
leled into common capacitors. For large numbers of 
devices, increasing the size of the shared common storage 
capacitors is recommended to reduce ripple. 

V": Negative Supply Output (RS232 Drivers). V + = 2V C c - 
1 .5V). This pin requires an external capacitor C = 0.1|iFfor 
charge storage. 



C1 + , C1", C2 + , C2": Commutating Capacitor Inputs. These 
pins require two external capacitors C = 0.1 jaF. One from 
C1 + to C1~ and another from C2 + to C2~. To maintain 
charge pump efficiency, the capacitor's effective series 
resistance should be less than 50Q. 

DRIVER IN: RS232 Driver Input Pins. Inputs are TTL/ 
CMOS compatible. Inputs should not be allowed to float. 
Tie unused inputs to Vcc- 

DRIVER OUT: Driver Outputs at RS232 Voltage Levels. 
Outputs are in a high impedance state when in SHUT- 
DOWN mode or Vcc = OV. The driver outputs are protected 
against ESD to ±1 OkV for human body model discharges. 

RX IN: Receiver Inputs. These pins accept RS232 level 
signals (±25V) into a protected 5k terminating resistor. 
The receiver inputs are protected against ESD to ±1 OkVfor 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. 

RX OUT: Receiver Outputs with TTL/CMOS Voltage Lev- 
els. Outputs are in a high impedance state when in SHUT- 
DOWN mode to allow data line sharing. 



ESD Test Circuit 



C1 — t-^ 
o.i hf <n> 



vcc 



C2- 
0.1 jiF' 



RS232 
LINE PINS . 
PROTECTED " 
TO ±1 OkV 



DRIVER 1 OUT 
RX1IN 

DRIVER 2 OUT 
RX2IN 
RX3IN 
RX4IN 
L DRIVER 4 OUT 
RX5IN 
ON/OFF 




C4 
'X s 0.1 |iF 



1-66 



urroB 

TECHNOLOGY 




r^-n 




TECHNOLOGY 



LT1341 

5V RS232 Transceiver with One 
Receiver ActiveinSHUTDOWN 



F€fflUR€S 

■ One Receiver Remains Active While in SHUTDOWN 

■ ESD Protection Over ±10kV 

■ Uses Small Capacitors (0.1 nF, 0.2liF) 

■ 60nA Supply Current in SHUTDOWN 

■ Pin Compatible with LT1137A 

■ Operates to 120k baud 

■ CMOS Comparable Low Power - 60mW 

■ Operates From a Single 5V Supply 

■ Easy PC Layout-Flow Through Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When 
Off or Powered Down 

■ Absolutely No Latchup 

■ Available in SO and SSOP Packages 

APPLICATIONS 

■ Notebook Computers 

■ Palmtop Computers 



January, 1993 

D6SCMPTION 

The LT1341 is an advanced low power three driver, five 
receiver RS232 transceiver. Included on the chip is a shut- 
down pin for reducing supply current to near zero. During 
shutdown one receiver remains active to detect incoming 
RS232 signals, for example, to wake up a system. All other 
receivers and the drivers assume high impedance states 
during SHUTDOWN. 

The DRIVER DISABLE function provides additional control of 
operating mode. When DRIVER DISABLE is high the charge 
pump and drivers turn off. Receivers continue to operate 
during DRIVER DISABLE. 

New ESD structures on the chip allow the LT1341 to survive 
multiple ±10kV strikes, eliminating the need for costly 
TranZorbs on the RS232 line pins. 

The LT1341 is fully compliant with all EIA RS232 specifica- 
tions and operates in excess of 120 kilobaud even driving 
heavy capacitive loads. 



Typical Application 



0.1 nF 



Vcc-|T 



TO 

LINE 



I 

2xO.VF = 

DRIVER 1 OUT [[ 

RX1 IN 
DRIVER 2 OUT [7 
RX2IN 
RX3IN [][ 
RX4 IN [J 
DRIVER 3 OUT [iT 
I RX 5 IN (LOW-Q) [7 
ON/OFF p{T3 

E 



■T7" 
LT1341 






e j i — >-oi 

IT 1, 1> — 20] 

1. =^1—191 



£J =t=J= 2x0.1pF 

25| DRIVER 1 IN } 

3 RX10UT 

23] DRIVER 2 IN 

2\ RX2 0UT 



E — '[-&•- nfl- 
irc — I m 



IE 



0.VF 



RX3 0UT 
20l RX4 0UT 



19] DRIVER 3 IN 
*— ' RX5QUT(L0W-Q) 



> TO LOGIC 



2hGND 

TB] DRIVER DISABLE 

m 



RING DETECT IN 

|i CONTROLLER OR 
^PROCESSOR 

SHUTDOWN CONTROL OUT 
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ABSOLUTE MAXIMUM RATINGS 

(Note 1) 

Supply Voltage (V C c) 6V 

V + 13.2V 

V" -13.2V 

Input Voltage 

Driver V + to V 

Receiver 30V to -30V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3V to V C c+0.3V 

Short Circuit Duration 

V + 30s 

V" 30s 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1341I -40°Cto85°C 

LT1341C 0°C to 70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PflCKnG€/ORD€ft INFORMATION 



v+ |T 

5VVcc [2 
C1+ E 
ci- [7 

DRIVER 1 OUT [? 
RX1 IN [? 

DRIVER 2 OUT [T 
RX2IN [7 
RX3IN Q[ 
RX4IN Q(j 

DRIVER 3 OUT []T 

RX IN 5 (LOW-Q) [?2 

ON/OFF H 

E 

J PACKAGE 
28-LEAD CERAMIC DIP 

S PACKAGE 
28-LEAD PLASTIC SOL 




V- 

C2- 

C2+ 

DRIVER1IN 

RX 1 OUT 

DRIVER 2 IN 

RX2 0UT 

RX3 0UT 

RX4 0UT 

DRIVER 3 IN 

RX 5 OUT (LOW-Q) 

GND 

DRIVER DISABLE 



N PACKAGE 
28-LEAD PLASTIC DIP 

G PACKAGE 
28-LEAD PLASTIC SSOP 



ORDER PART 
NUMBER 



LT1341IJ 

LT1341CJ 

LT1341CN 

LT1341CS 

LT1341CG 



€l€CTMCni CHflftflCTCMSTICS (Note2) 


PARAMETER 


CONDITIONS 




MIN TYP MAX 


UNITS 


Power Supply Generator 










V+ Output 






8.6 


V 


V- Output 






-7.0 


V 


SupplyCurrent(Vcc) 


(Note3) 




14 17 


rrA 


Supply Current when OFF(Vcc) 


SHLJTDOWN(Note4) 
DRIVERDISABLE 


• 


0.06 0.150 
3 


rrA 
rrA 


SupplyRiseTime 
SHUTDOWNtoTurnOn 


C1=C2=0.2^F, 
C + =C"=0.VF 




2 


ms 


ON/OFF Pin Thresholds 


Input Low Level (Device SHUTDOWN) 
Input High Level (Device Enabled) 




1.4 0.8 
2.0 1.4 


V 
V 


ON/OFF Pin Current 


OV * Von/off *5V 




-15 80 


MA 


Driver Disable Pin Thresholds 


Input Low Level (Drivers Enabled) 
Input High Level (Drivers Disabled) 




1.4 0.8 
2.0 1.4 


V 
V 


DRIVER DISABLE Pin Current 


OV £ Vqriver DISABLE * 5V 




-10 500 


MA 


Oscillator Frequency 






130 


kHz 
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€l€CTMCflL CHARACTERISTICS ( N. te 2) 



PARAMETER 


CONDITIONS 




MIN 


TYP 


MAX 


UNITS 


Any Driver 










Output Voltage Swing 


Load = 3ktoGND Positive 
Negative 




5.0 
-5.0 


7.3 
-6.5 




V 
V 


Logic Input Voltage Level 


Input Low Level (VouT=High) 
Input High Level (Vout=Low) 




2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V :sV| N £ 2.0V 






5 


20 


ma 


Output Short Circuit Current 


V O ut = 0V 




17 


mA 


Output Leakage Current 


SHUTDOWN Vout = ±30V (Note 4) 


• 




10 


100 


MA 


Slew Rate 


R L =3k,C L =51pF 
R L =3k,C L =2500pF 




4 


15 
15 


30 


V/fiS 
V/^is 


Propagation Delay 


Output Transition tm. High to Low (Note 5) 
Output Transition tm Lowto High 






0.6 
0.5 


1.3 
1.3 


(iS 


Any Receiver 










Input Voltage Thresholds 


InputLowThreshold (Vout = High) 
Input High Threshold (Vout = Low) 




0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 




• 


0.1 


0.4 


1.0 


V 


Input Resistance 






3 


5 


7 


kQ 


Ouput Leakage Current 


SHUTDOWN (Note) 0^ Vqut ^V cc 


• 




1 


10 


MA 


Receivers 1 Through 4 










Output Voltage 


Output Low, Iqut = -1.6mA 
Output High, I ut = 1 60mA (V cc = 5V) 


• 
• 


3.5 


0.2 
4.2 


0.4 


V 
V 


Output Short Circuit Current 


Sinking Current.VouT = Vcc 
Sourcing Current, Vout =0V 




-10 
10 


-20 
20 




mA 
mA 


Propagation Delay 


Output Transition tm. High to Low (Note 6) 
Output Transition tun Lowto High 






250 
350 


600 
600 


nS 
nS 


Receiver 5 (L0W-l Q RX) 










Output Voltage 


Output Low, Iout =-500mA 
Output High, I ut = 1 60mA (V cc = 5V) 


• 
• 


3.5 


0.2 
4.2 


0.4 


V 
V 


Output Short Circuit Current 


Sinking Current, Vout = Vcc 
Sourcing Current, Vout=OV 




-2 
2 


-4 
4 




mA 
mA 


Propagation Delay 


Output Transition tnL High to Low (Note 6) 
Output Transition t.lh Lowto High 






1.0 
1.0 


3 
3 


us 



The#denotesspecificationswhichapplyovertheoperatingtemperature 

range. (0 °CssT A ss 70° C for commercial grade, -40°CsT A *85°C for 

industrial grade, and -55°C s T A s 1 25°C for military grade.) 

Note 1 : Absolute Maximum Ratings are those values beyond which the 

life of the device may be impaired. 

Note 2: Testing done at V C c = 5V and Von/off=3V. 

Note 3: Supply current is measured as the average over several charge 

pump burst cycles. C + =C"=0.1 [aF, C1 =C2=0.2jxF. All outputs are open, 

with all driver inputs tied high. 



Note 4: Supply current measurements in SHUTDOWN are performed 
with Von/off * 0.1V. Supply current measurements using DRIVER 
DISABLE are performed with Vdriver disable ^ 3V. 
Note 5:For driver delay measurements, R L = 3k and C[_ = 51 pF. Trigger 
points are set between the driver's input logicthreshold and the output 
transition to the zero crossing. (tm_ = 1 .4V to OV and t|_H = 1 -4V to OV) 
Note 6:For receiver delay measurements, C|_ = 51 pF. Trigger points are 
setbetweenthe receiver's input logicthreshold and the outputtransition 
to standard TTLyCMOS logicthreshold. (t HL = 1 .3Vto 2.4V and t LH = 1 .7V 
to 0.8V) 
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PIN FUNCTIONS 

Vcc: 5V Input supply pin. This pin should be decoupled 
with a 0.1 uF ceramic capacitor. 

GND: Ground Pin. 

On/Off: A TTL/CMOS logic low puts the device in the low 
power SHUTDOWN mode. All of the drivers and four 
receivers go to a high impedance state. A logic high fully 
enables the transceiver. 

DRIVER DISABLE: This pin provides an alternate control 
for the charge pump and RS232 drivers. A logic high on 
this pin shuts down the charge pump and places all drivers 
in a high impedance state. All receivers remain active under 
these conditions. Floating the driver disable pin or driving 
it to a logic low level fully enables the transceiver. 

V + : Positive supply output (RS232 drivers). V + - 2V C c - 
1.5V. This pin requires an external charge storage capaci- 
torC srO.1 |xF, tied to ground orVcc- Larger value capacitors 
may be used to reduce supply ripple. 

V: Negative supply output (RS232 drivers). V" - -(2V C c- 
2.5V). This pin requires an external charge storage capaci- 
tor C ^ 0. VF. To reduce supply ripple, increase the size of 
the storage capacitor. 

C1 + ;C1';C2 + ;C2": Commutating capacitor inputs, require 
two external capacitors C * 0.2liF. One from C1 + to C1", and 
another from C2 + to C2". The capacitor's effective series 
resistance should be less than 2Q. For C *VF, low ESR 
tantalum capacitors work well in this application, although 
small value ceramic capacitors may be used with a minimal 
reduction in charge pump compliance. 

DRIVER IN: RS232 driver input pins. These inputs are TTL7 
CMOS compatible. Tie unused inputs to Vcc. 

DRIVER OUT: Driver outputs at RS232 voltage levels. 
Outputs are in a high impedance state when in SHUTDOWN 
mode, Vcc = 0V, or when the driver disable pin is active. 
Outputs are fully short circuit protected from V ut=V" + 
30V to Vqut=V + - 30V. Applying higher voltages will not 
damage the device if the overdrive is moderately current 
limited. Short circuits on one output can load the power 
supply generator and may disrupt the signal levels of the 
other outputs. The driver outputs are protected against 
ESD to ±10kV for human body model discharges. 



RX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected 5kQ terminating resistor. 
The receiver inputs are protected against ESD to ±10kVfor 
human body model discharges. Each receiver provides 
0.4V of hysteresis for noise immunity. 

RX OUT: Receiver outputs with TTiyCMOS voltage levels. 
Outputs are in a high impedance stage when in SHUT- 
DOWN mode to allow data line sharing. Outputs, including 
L0W-Q RXOUT, are fully short circuit protected to ground 
or Vcc with the power on, off, or in SHUTDOWN mode. 

LOW Q-CURRENT RX IN: Low power receiver input. This 
special receiver remains active when the part is in SHUT- 
DOWN mode, consuming typically 60|xA. This receiver has 
the same input and protection characteristics as the other 
receivers. 

LOW Q-CURRENT RX OUT: Low power receiver output. 
This pin produces the same TTL/CMOS output voltage 
levels with slightly decreased speed and short circuit 
current. 



ESD Test Circuit 




RS232 Line Pins 
Protected to 
+/-10W 



= 0.1HF 

DRIVER 1 OUT [If 
RX1 IN [? 

DRIVER 2 OUT [7 
RX 2 IN |T 
RX3IN [9 
RX4IN [fij 

DRIVER 3 OUT QT 

RX5IN(L0W-Q) [T2 

ON/OFF [TC 

E 



I7T3 0.1pF=j= 

DRIVER 1 IN 

RX10UT 
23| DRIVER 2 IN 
22] RX2 0UT 

13 RX3 0UT 
RX4 0UT 
DRIVER 3 IN 

2| RX5 0UT(LOW-Q) 

TT^GND 

DRIVER DISABLE 
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F€ATUR€S 

■ ESD Protection Over ±10kV 

■ 3 Volt Logic Interface 

■ Uses Small Capacitors (O.VF, 0.2^F) 

■ 1 ^A Supply Current in SHUTDOWN 

■ Low Power Driver Disable Operating Mode 

■ Pin Compatible with LT1137A 

■ Operates to 120k baud 

■ CMOS Comparable Low Power - 60mW 

■ Operates From a 5V Supply and 3V Logic Suppy 

■ Easy PC Layout: Flowthrough Architecture 

■ Rugged Bipolar Design 

■ Outputs Assume a High Impedance State When 
Off or Powered Down 

■ Absolutely No Latchup 

APPLICATIONS 

■ Notebook Computers 

■ Palmtop Computers 
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5V RS232 Transceiver with 
3V Logic Interface 

January, 1993 

DCSCRIPTION 

The LT1342 is an advanced low power three driver, five 
receiverRS232transceiver. The LT1342operatesfroma5V 
supply and a 3V logic supply. Receiver outputs can interface 
directly to 3V logic circuits. Included on the chip is a 
shutdown pin for reducing supply current to near zero. All 
receiversand driversassume high impedance statesduring 
SHUTDOWN. 

The DRIVER DISABLE function provides additional control 
of operating mode. When DRIVER DISABLE is high the 
charge pump and drivers turn off. Receivers continue to 
operate during DRIVER DISABLE. 

New ESD structures on the chip allow the LT1342 to survive 
multiple ±10kV strikes, eliminating the need for costly 
TranZorbs on the RS232 line pins. 

The LT1 342 is fully compliant with all EIA RS232 specifica- 
tions and operates in excess of 120 kilobaud even driving 
heavy capacitive loads. 



Basic Operation 



TO 
LINE 




0.1 |iF =,- „ri 

X 5VVCC-[T 

2x0.1|iF 

DRIVER 1 OUT \£ 
RX1IN 

DRIVER 2 OUT J7 
RX2IN 
RX3IN 
RX4IN 

DRIVER 3 OUT [11 

RX5IN f2 

ON/OFF [^ 

3VVL -J? 



0.1 nF 
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A0SOLUT€ MAXIMUM RATINGS 

(Note 1) 

Supply Voltage (V C c) 6V 

Supply Voltage (V L ) 6V 

V+ 13.2V 

V" -13.2V 

Input Voltage 

Driver V" to V + 

Receiver -30V to 30V 

Output Voltage 

Driver -30V to 30V 

Receiver -0.3V to V C c+0.3V 

Short Circuit Duration 

V + 30s 

V" 30s 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1342I -40°C to 85°C 

LT1342C 0°Cto70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PACKAG€/OftD€ft INF OAMATION 



v+ [7 

5VVcc [2 

C1+ QE 

C1- 
DRIVER10UT 
RX1IN 
DRIVER 2 OUT 
RX2IN [8 
RX3IN [9 
RX4IN [10 
DRIVER 3 OUT |Tl 
RXIN5 01 
ON/OFF ||3 
3VVL Ei 




H V- 
27| C2- 
H C2+ 

|| DRIVER 1 IN 

RX10UT 

DRIVER 2 IN 

RX2 0UT 

RX3 0UT 

RX4 0UT 
f| DRIVER 3 IN 
18] RX5 0UT 
l|| GND 
T6) DRIVER DISABLE 

1 



J PACKAGE N PACKAGE 

B-LEAD CERAMIC DIP 28-LEAD PLASTIC DIP 



S PACKAGE G PACKAGE 

28-LEAD PLASTIC SOL 28-LEAD PLASTIC SSOP 



ORDER PART 
NUMBER 



LT1342IJ 

LT1342CJ 

LT1342CN 

LT1342CS 

LT1342CG 



€l€C7fiiCiiL 0HiWiC7€mS7iCS (Note 2) 


PARAMETER 


CONDITIONS 




MIN 


TYP 


MAX 


UNITS 


Power Supply Generator 










V+Output 






8.6 


V 


V-Output 






-7.0 


V 


Supply Current (V C c) 


(Note 3) 






12 


17 


mA 


Logic Supply Current (Vl) 


(Note 4) 






0.1 


1 


mA 


Supply Current when OFF(V C c) 


SHUTDOWN (Note 5) 
DRIVER DISABLE 


• 




1 
0.1 


10 


uA 
mA 


Logic Supply Current (V L ) when OFF 


SHUTDOWN (Note 5) 
DRIVER DISABLE 


• 




1 
0.1 


10 
1 


MA 
mA 


Supply Rise Time 
SHUTDOWN to Turn On 


C1=C2=0.2|iF, 
C + =C-=0.1jiF 




0.2 


ms 


ON/OFFPinThresholds 


InputLowLevel (Device SHUTDOWN) 
Input High Level (Device Enabled) 


• 
• 


2.0 


1.4 
1.4 


0.8 


V 
V 


ON/OFFPinCurrent 


OV sVqn/OFF =s5V 


• 


-15 




80 


MA 


Driver Disable PinThresholds 


Input Low Level (Drivers Enabled) 
Input High Level (Drivers Disabled) 


• 
• 


2.0 


1.4 
1.4 


0.8 


V 
V 


DRIVERDISABLEPinCurrent 


0VsV DR |VER DISABLE *5V 


• 


-10 




500 


ma 


Oscillator Frequency 






130 


kHz 
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C16CTMCAI CHflRACTCMSTICS (Note 2) 



PARAMETER 


CONDITIONS 




MIN 


TYP 


MAX 


UNITS 


Any Driver 










Output Voltage Swing 


Load=3ktoGND Positive 
Negative 




5.0 
-5.0 


7.3 
-6.5 




V 
V 


Logic Input Voltage Level 


lnputLowLevel(Vour=High) 
Input High Level (Vout=Low) 




2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


0.8V^V| N ^2.0V 






5 


20 


ma 


OutputShortCircuitCurrent 


V OU T=0V 




17 - 


rrA 


Output Leakage Current 


SHUTDOWN Vout = ±30V (Note 5) 


• 




10 


100 


MA 


Slew Rate 


R L =3k,C L =51pF 
R L =3k,C L =2500pF 




4 


15 
15 


30 


V/ns 
V/jis 


Propagation Delay 


Output Transition tm. High to Low (Note 6) 
Output Transition t|_H Low to High 






0.6 
0.5 


1.3 
1.3 


MS 


Any Receiver 










InputVoltageThresholds 


Input LowThreshold (VouT=High) 
Input HighThreshold (V ut= Low) 




0.8 


1.3 
1.7 


2.4 


V 
V 


Hysteresis 




• 


0.1 


0.4 


1.0 


V 


InputResistance 






3 


5 


7 


kQ 


OuputLeakageCurrent 


SHUTDOWN(Note)0sV O uT^Vcc 


• 




1 


10 


ma 


Receivers 1 Through 4 










OutputVoltage 


OutputLow,louT=-1-6mA 
OutputHigh > l UT=160fjA 


• 
• 


2.7 


0.2 
2.9 


0.4 


V 
V 


OutputShortCircuitCurrent 


Sinking Current,V uT=Vcc 
Sourcing Current, Vout=OV 




-10 
10 


-20 
20 




rrA 
rrA 


Propagation Delay 


OutputTransitiontHLHightoLow(Note7) 
OutputTransitiontLHLowtoHigh 






250 
350 


600 
600 


nS 
nS 


Receiver5 










OutputVoltage 


OutputLow,louT=-500nA 
OutputHigh,louT=160nA 


• 
• 


2.7 


0.2 
2.9 


0.4 


V 
V 


OutputShortCircuitCurrent 


Sinking Current, V ut=Vcc 
Sourcing Current, V O ut=0V 




-2 
2 


-4 
4 




rrA 
rrA 


Propagation Delay 


OutputTransitiontHLHightoLow(Note7) 
OutputTransitiontLHLowtoHigh 






1.0 
1.0 


3 
3 


MS 
MS 



Thetdenotesspecificationswhichapplyovertheoperatingtemperature 

range. (0 °C^T A ^ 70° C for commercial grade, -40 o C^T A s85°C for 

industrial grade, and -55°C rsT A :s 1 25°C for military grade.) 

Note 1 : Absolute Maximum Ratings are those values beyond which the 

life of the device may be impaired. 

Note 2: Testing done at V C c = 5V, V L =3.3V and V n/off=3V. 

Note 3: Supply current is measured as the average over several charge 

pump burst cycles. C + =C-=0.1nF, C1=C2=0.2|xF.AII outputs are open, 

with all driver inputs tied high. 

Note 4: Vl supply current is measured with all receiver outputs low. 



Note 5: Supply current measurements in SHUTDOWN are performed 
with Von/off * 0-1 V. Supply current measurements using DRIVER 
DISABLE are performed with V D river disable ^ 3V. 
Note 6:For driver delay measurements, R L = 3k and C|_ = 51 pF. Trigger 
points are set between the driver's input logic threshold and the output 
transition to the zero crossing. (tm_ = 1 -4Vto OV and t^ = 1 .4Vto OV) 
Note 7:For receiver delay measurements, Cl = 51 pF. Trigger points are 
set between the receiver's input logicthreshold and the outputtransition 
to standard TTL/CMOS logicthreshold. (t H i_= 1 -3Vto 2.4V and t LH = 1 .7V 
to 0.8V) 
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PIN FUNCTIONS 

Vcc: 5V Input supply pin. This pin should be decoupled with 
a 0.1 uF ceramic capacitor close to the package pin. Insuffi- 
cient supply bypassing can result in low output drive levels 
and erratic charge pump operation. 

Vl: 3V Logic supply pin. Provides power to the receiver 
outputs. Decouple with a 0.1 uF ceramic capacitor. 

GND: Ground Pin. 

On/Off: A TTL/CMOS compatible operating mode control. A 
logic low puts the device in the low power SH UTDOWN mode. 
Drivers and receivers assume a high impedance state in 
shutdown. The transceiver consumes almost no supply 
current while in Shutdown. A logic high fully enables the 
transceiver. 

DRIVER DISABLE: This pin provides an alternate control for 
the charge pump and RS232 drivers. A logic high on this pin 
shuts down the charge pump and places all drivers in a high 
impedance state. All five receivers remain active under these 
conditions. Floating the driver disable pin or driving it to a 
logic low level fully enables the transceiver. A logic low on the 
On/Off pin supercedes the state of the Driver Disable pin. 
Supply current drops to 3mA when in DriverDisable mode. 

V + : Positive supply output (RS232 drivers). V + - 2V C c - 
1.5V. This pin requires an external charge storage capaci- 
tor C ;>0.1 |xF, tied to ground or Vcc- Larger value 
capacitors may be used to reduce supply ripple. 

V: Negative supply output (RS232 drivers). V - -(2V C c- 
2.5V). This pin requires an external charge storage 
capacitor C & 0.1 [xF. To reduce supply ripple, increase the 
size of the storage capacitor. 

C1 + ;C1";C2 + ;C2": Commutating capacitor inputs, require 
two external capacitors C *0.2liF. 0nefromC1 + toCr,and 
another from C2 + to C2". The capacitor's effective series 
resistance should be less than 2Q. For C *1[iF, low ESR 
tantalum capacitors work well in this application, al- 
though small value ceramic capacitors may be used with 
a minimal reduction in charge pump compliance. 

DRIVER IN: RS232 driver input pins. These inputs are 
compatible with TTLor CMOS logic. Tie unused inputs to 
Vcc orV[_. 



DRIVER OUT: Driver outputs at RS232 voltage levels. Driver 
output swing meets RS232 levels for loads up to 3k. Slew 
rates are controlled for lightly loaded lines. Output current 
capability is sufficient for load conditions up to 2500pF. 
Outputs are in a high impedance state when in SHUTDOWN 
mode, Vcc = 0V, or when the driver disable pin is active. 
Outputs are fully short circuit protected from V- + 30V to V+ 
- 30V. Applying higher voltages will not damage the device 
if the overdrive is moderately current limited. Short circuits 
on one output can load the power supply generator and may 
disrupt the signal levels of the other outputs. The driver 
outputs are protected against ESD to ±10kV for human body 
model discharges. 

RX IN: Receiver inputs. These pins accept RS232 level 
signals (±30V) into a protected 5k terminating resistor. The 
receiver inputs are protected against ESD to ±10kV for 
human body model discharges. Each receiver provides 0.4V 
of hysteresis for noise immunity. Open receiver inputs 
assume a logic low state. 

RX OUT: Receiver outputs with TTL/CMOS voltage levels. 
Outputs are in a high impedance state when in SHUTDOWN 
mode to allow data line sharing. Outputs are fully short circuit 
protected to ground or Vcc with the power on, off, or in 
SHUTDOWN mode. 



ESD Test Circuit 



H DRIVER 1 IN 

JRX10UT 
^, DRIVER 2 IN 
2| RX2 0UT 
13 RX3 0UT 
2C| RX4 0UT 
DRIVER 3 IN 
RX5 0UT 
T7U GND 
TE] DRIVERDISABLE 

13 




RS232 Line Pins 
Protected to 
+/-10W 



DRIVER 1 OUT 
RX1 IN 

DRIVER 2 OUT 
RX2IN 
RX3IN 
RX4IN 

DRIVER 3 OUT 
RX5IN 

ON/OFF 
3VVL 



: 0.1 pF 
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LTC486, Quad Low Power RS485 Driver 2-15 
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LTC488/LTC489, Quad RS485 Line Receiver 2-25 
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RS485 Applications Information 



Typical Applications 

A typical half duplex interface is shown in Figure 1. A 
twisted pair of wires connect up to 32 drivers and receivers 
for half duplex datatransmission.There are no restrictions 
on where the chips are connected to the wires, and it 
isn't necessary to have the chips connected at the ends. 
However, the wires must be terminated only at the ends 
with a resistor equal to their characteristic impedance, 
typically 120£1 The optional shields around the twisted 
pair help reduce unwanted noise, and are connected to 
GND at one end. 



A typical full duplex interface is shown in Figure 2. Two 
twisted pair wires connect up to 32 driver/receiver pairs 
forfull duplex data transmission. There are no restrictions 
on where the chips are connected to the wires, and it isn't 
necessary to have the chips connected at the ends. How- 
ever, the wires must be terminated only at the ends with a 
resistor equal to their characteristic impedance, typically 
1 20£1 The input impedance of a receiver is typically 20kQ 
to GND, or 0.6 unit RS-485 load, so in practice 50 to 60 



DX 




SHIELD 



SHIELD 



DX 



S& 



EN 
1/4 LTC486 



^SMxxxte 



DX 





EN 1/4 LTC486 EN 1/4 LTC488 

Figure 1. Typical Connection 




|5 4 3 |2 

DX RX 

Figure 2. Typical Connection 
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transceivers can be connected to the same wires. The 
optional shields around the twisted pair help reduce un- 
wanted noise, and are connected to GND at one end. 

The LTC490 and LTC491 can also be used as line repeaters 
as shown in Figure 3. If the cable length is longerthan 4000 
feet, the device is inserted in the middle of the cable with 
the receiver output connected back to the driver input. 




11 L-w^ X A DA 



^w^ X X D 



DATA OUT 



Losses in a transmission line are a complex combination 
of DC conductor loss, AC losses (skin effect), leakage and 
AC losses in the dielectric. In good polyethylene cables 
such as the Belden 9841, the conductor losses and 
dielectric losses are of the same order of magnitude, 
leading to relatively low over all loss (Figure 4). 
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Figure 3. Line Repeater 
Thermal Shutdown 

All of LTC's RS485 devices have a thermal shutdown 
feature which protects the part from excessive power 
dissipation. If the outputs of the driver are accidently 
shorted to a power supply or low impedance source, up to 
250mA can flow through the part. The thermal shutdown 
circuit disables the driver outputs when the internal tem- 
perature reaches 1 50°C and turns them back on when the 
temperature cools to 1 30°C. If the outputs of two or more 
LTC491 drivers are shorted directly, the driver outputs can 
not supply enough current to activate the thermal shut- 
down. Thus, the thermal shutdown circuit will not prevent 
contention faults when two drivers are active on the bus at 
the same time. 

Cables and Data Rate 

The transmission line of choice for RS485 applications is 
a twisted pair. There are coaxial cables (twinaxial) made 
for this purpose that contain straight pairs, but these are 
less flexible, more bulky, and more costly than twisted 
pairs. Many cable manufacturers offer a broad range of 
120Q cables designed for RS485 applications. 



Figure 4. Attenuation vs Frequency for Belden 9481 

When using low loss cables, Figure 5 can be used as a 
guideline forchoosing the maximum line length foragiven 
data rate. With lower quality PVC cables, the dielectric loss 
factor can be 1000 times worse. PVC twisted pairs have 
terrible losses at high data rates (>100kBs), and greatly 
reduce the maximum cable length. At low data rates 
however, they are acceptable and much more economical. 
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Figure 5. Cable Length vs Data Rate 
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Cable Termination 

The proper termination of the cable is very important. 
If the cable is not terminated with it's characteristic 
impedance, distorted waveforms will result. In severe 
cases, distorted (false) data and nulls will occur. A quick 
look at the output of the driver will tell how well the cable 
is terminated. It is best to look at a driver connected to the 
end of the cable, since this eliminates the possibility of 
getting reflections from two directions. Simply look at the 
driver output while transmitting square wave data. If the 
cable is terminated properly, the waveform will look like a 
square wave (Figure 6). 



Rt = 120Q 



Rt = 47Q 



Rt = 470Q 




Figure 6. Termination Effects 

If the cable is loaded excessively (47Q), the signal initially 
sees the surge impedance of the cable and jumps to an 
initial amplitude. The signal travels down the cable and is 
reflected back out of phase because of the mistermination. 
When the reflected signal returns to the driver, the ampli- 
tude will be lowered. The width of the pedestal is equal to 
twice the electrical length of the cable (about 1 .5ns/foot). 



If the cable is lightly loaded (470Q), the signal reflects in 
phase and increases the amplitude at the driver output. An 
input frequency of 30kHz is adequate for tests out to 4000 
feet of cable. 

AC Cable Termination 

Cable termination resistors are necessary to prevent un- 
wanted reflections, but they consume power. The typical 
differential output voltage of the driver is 2V when the 
cable is terminated with two 120£2 resistors, causing 
33mA of DC current to flow in the cable when no data is 
being sent. This DC current is about 60 times greater than 
the supply current of the LTC491 . One way to eliminate the 
unwanted current is by AC coupling the termination resis- 
tors as shown in Figure 7. 




C = LINE LENGTH (ft) x 16.3pF 

LTC491.TA15 

Figure 7. AC Coupled Termination 

The coupling capacitor must allow high-frequency energy 
to flow to the termination, but block DC and low frequen- 
cies. The dividing line between high and low frequency 
depends on the length of the cable. The coupling capacitor 
must pass frequencies above the point where the line 
represents an electrical one-tenth wavelength. The value 
of the coupling capacitor should therefore be set at 1 6.3pF 
per foot of cable length for 1 20Q cables. With the coupling 
capacitors in place, power is consumed only on the signal 
edges, and not when the driver output is idling at a 1 or 
state. A 100nF capacitor is adequate for lines up to 4000 
feet in length. Be aware that the power savings start to 
decrease once the data rate surpasses 1/(1 20Q x C). 
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Receiver Open-Circuit Fail-Safe 

Some data encoding schemes require that the output of 
the receiver maintains a known state (usually a logic 1) 
when the data is finished transmitting and all drivers on the 
line are forced into three-state. The receiverof the LTC491 
has a fail-safe feature which guarantees the output to be in 
a logic 1 state when the receiver inputs are left floating 
(open-circuit). However, when the cable is terminated 
with 120Q, the differential inputs to the receiver are 
shorted together, not left floating. Because the receiver 
has about 70mV of hysteresis, the receiver output will 
maintain the last data bit received. 




Figure 8. Forcing "0" When All Drivers are Off 

The termination resistors are used to generate a DC bias 
which forces the receiver output to a known state, inthis case 
a logic 0. The first method consumes about 208mW and the 
second about 8mW. The lowest power solution is to use an 
AC termination with a pull-up resistor. Simply swap the 
receiver inputs for data protocols ending in logic 1 . 



Fault Protection 

All of LTC's RS485 products are protected against ESD 
transients up to 2kV using the human body model (1 OOpF, 
1.5kQ). However, some applications need more 
protection. The best protection method is to connect a 
bidirectional TransZorb® from each line side pin to ground 
(Figure 9). 

— ^O^oC 

p 

— LTC491«TA17 

Figure 9. ESD Protection with TransZorbs 

A TransZorb is a silicon transient voltage suppressor that 
has exceptional surge handling capabilities, fast response 
time, and low series resistance. They are available from 
General Semiconductor Industries and come in avariety of 
breakdown voltages and prices. Be sure to pick a break- 
down voltage higher than the common mode voltage 
required for your application (typically 12V). Also, don't 
forget to check how much the added parasitic capacitance 
will load down the bus. 

Typical Applications 



RS232 IN 




RECEIVER >— RX 
1/2 LTC491 



Figure 10. RS232 Receiver 
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Figure 11. RS232 to RS485 Level Transistor with Hysteresis 



TransZorb is a registered trademark of General Instruments, GSI 
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Low Power CMOS RS485 Transceiver 

Robert Reay 



Introduction 

The El A RS485 data transmission standard has become pop- 
ular because it allows for balanced data transmission in a 
party line configuration. Users are able to configure inexpen- 
sive local area networks and multi-drop communication links 
using twisted pair wire and the protocol of their choice. 

Previous RS485 transceivers have been designed using bipo- 
lar technology because the common mode range of the de- 
vice must extend beyond the supplies and be immune to ESD 
damage and latchup. Unfortunately, the bipolar devices draw 
a large amount of supply current and are unacceptable for 
low power applications. The LTC485 is the first CMOS RS485 
transceiver featuring ultra low power consumption 
(lcc=5(%A max.) without sacrificing ESD and latchup 
immunity. 

Proprietary Output Stage 

The LTC485 driver output stage of Figure 1 features a Using the test circuit of Figure 4 with only one foot of twisted 
common mode range that extends beyond the supplies while pair wire, Figures 2 and 3 show the typical propagation 
virtually eliminating latchup and providing excellent ESD delays. 



protection. Two Schottky diodes SD3 and SD4 are added to a 
conventional CMOS inverter output stage. The Schottky 
diodes are fabricated by a proprietary modification to a 
standard N-well CMOS process. When the output stage is 
operating normally, the Schottky diodes are forward biased 
and have a small voltage drop across them. When the output 
is in the high impedance state and is driven above Vcc or be- 
low ground by another driver on the party line, the parasitic 
diode D1 or D2 will forward bias, but SD3 or SD4 will reverse 
bias and prevent current from flowing into the N-well or sub- 
strate. Thus, the high impedance state is maintained even 
with the output voltage beyond the supplies. With no current 
flow into the N-well or substrate, latchup is virtually 
eliminated. 

Propagation Delay 




DRIVER 
OUTPUT 



Figure 1. LTC485 Output Stage 
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Figure 3. LTC485 System Waveforms 
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Figure 4. LTC485 System Test Circuit 
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LTC485 Line Length vs Data Rate 



The maximum line length allowable for the RS422/RS485 
standard is 4000 feet. Using the test circuit of Figure 4 with 
4000 feet of twisted pair wire, Figure 5 and 6 show that with 
«20Vp-p common mode noise injected on the line, the 
LTC485 is able to reconstruct the data stream at the end of 
the wire. 



Figures 7 and 8 show that the LTC485 is able to comfortably 
drive 4000 feet of wire at 110kHz. 

When specifying line length vs maximum data rate the curve 
in Figure 9 should be used: 




Figure 5. System Common Mode Voltage @ 19.2kHz 




Figure 6. System Differential Voltage @19.2kHz 
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Figure 7. System Common Mode Voltage @110kHz 
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Figure 8. System Differential Voltage @110kHz 
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Figure 9. Cable Length vs Maximum Data Rate 



For literature of our Low Power Transceivers 
call (800)637-5545. For applications help, 
call (408) 432-1900, Ext. 456. 
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I-NOLOGY 



LTC485 

Low Power RS485 Interface 
Transceiver 



° Low Power: Ice = 300jiA Typ 

a Designed for RS485 Interface Applications 

a Single +5V Supply 

a - 7V to + 12V Bus Common Mode Range Permits ± 7V 

Ground Difference Between Devices on the Bus 
° Thermal Shutdown Protection 
a Power Up/Down Glitch-Free Driver Outputs Permit Live 

Insertion or Removal of Transceiver 
° Driver Maintains High Impedance in Three-State or With 

the Power Off 
° Combined Impedance of a Driver Output and Receiver 

Allows Up to 32 Transceivers on the Bus 
° 70mVTypical Input Hysteresis 
° 30ns Typical Driver Propagation Delays with 5ns Skew 
° Pin Compatible with the SN75176A, DS75176A and 

/(A96176 



Ci 



° Low Power RS485/RS422 Transceiver 
a Level Translator 



The LTC485 is a low power differential bus/line transceiver 
designed for multipoint data transmission standard RS485 
applications with extended common mode range ( + 12V to 
- 7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over 
its bipolar counterpart without sacrificing ruggedness 
against overload of ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a ther- 
mal shutdown circuit which forces the driver outputs into 
a high impedance state. 

The receiver has a fail safe feature which guarantees a 
high output state when the inputs are left open. 

The LTC485 is fully specified over the commercial and ex- 
tended industrial temperature range. 



mnmi ®^mm<m 
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LTC485 



absolut€ mflximum nnnnos 

(Notel) 

Supply Voltage (Vcc) 12V 

Control Input Voltages - 0.5V to Vcc + 0.5V 

Driver Input Voltage - 0.5V to Vcc + 0.5V 

Driver Output Voltages ± 14V 

Receiver Input Voltages ± 14V 

Receiver Output Voltage - 0.5V to Vcc + 0.5V 

Operating Temperature Range 

LTC485I - 40°C < T A < 85°C 

LTC485C 0°C<T A <70°C 

LTC485M - 55°C < T A < 125°C 



PACKAG€/ORD€R mFORfllflTIOn 




J8 PACKAGE N8 PACKAGE 

MEAD CERAMIC DIP 8-LEAD PLASTIC DIP 

S8 PACKAGE 

8-LEAD PLASTIC SOIC 

Tj MAX = 155°C,8| A =100°C/W(J) 
T JMAX = 100°C,e JA = 130°C/W(N) 
TlMAX = 1°°°C,8 JA = 170°C/W(S) 



ORDER PART 
NUMBER 



LTC485CN8 

LTC485IN8 

LTC485CS8 

LTC485IS8 

LTC485CJ8 

LTC485MJ8 



S8 PART MARKING 



485 
485I 



DC €l€CTRICm CHnitnCT€RISTICS V CC =5V±5%(Notes2and3) 


SYMBOL 


PARAMETER 


CONDITIONS 


LTC485C, LTC485I 

MIN TYP MAX 


UNITS 


V0D1 


Differential Driver Output Voltage 
(Unloaded) 


lo=0 


© 


5 


V 


V OD2 


Differential Driver Output Voltage 
(with Load) 


R = 500;(RS422) 


© 


2 


V 




R = 270; (RS485), Figure 1 


o 


1.5 


5 




AV 0D 


Change in Magnitude of Driver 
Differential Output Voltage for 
Complementary Output States 


R = 270 or R = 500, Figure 1 


o 


0.2 


V 


Voc 


Driver Common Mode Output Voltage 


R = 270 or R = 500, Figure 1 


© 


3 


V 


A|V 0C | 


Change in Magnitude of Driver 
Common Mode Output Voltage 
for Complementary Output States 


R = 270 or R = 500, Figure 1 


o 


0.2 


V 


V|H 


Input High Voltage 


DE,DI,RE 


o 


2.0 


V 


V,L 


Input Low Voltage 


DE,DI,RE 


© 


0.8 


V 


'lN1 


Input Current 


DE,DI,RE 


© 


±2 


ma 


■lN2 


Input Current (A, B) 


DE=0,V cc = 
or 5.25 


V,n = 12V 


© 


+ 1.0 


mA 




Vin=-7V 


© 


-0.8 




Vth 


Differential Input Threshold Voltage for 
Receiver 


-7V<V CM <+12V 


© 


-0.2 


+ 0.2 


V 


AV th 


Receiver Input Hysteresis 


V CM = 0V 


© 


70 


mV 


V H 


Receiver Output High Voltage 


l o =-4mA,V| D =+200mV 


o 


3.5 


V 


Vol 


Receiver Output Low Voltage 


l o =+4mA,V| D =-200mV 





0.4 


V 


'OZR 


Three-State (High Impedance) Output 
Current at Receiver 


V cc =Max,0.4<V o <2.4 


o 


±1 


fiA 


R IN 


Receiver Input Resistance 


-7V<V CM ^ + 12V 


© 


12 


kO 


■cc 


Supply Current 


No Load, Pins 2, 
3,4 = 0Vor5V 


Outputs Enabled 





500 900 


HA 




Outputs Disabled 


© 


300 500 




'0SD1 


Driver Short-Circuit Current, V ut= HIGH 


-7V<V < + 12V 


© 


35 


250 


mA 


'0SD2 


Driver Short-Circuit Current, V ut = LOW 


-7V<V o < + 10V 


© 


35 


250 


mA 


'OSR 


Receiver Short-Circuit Current 


0V<V o <V cc 


o 


7 


85 


mA 
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LTC485 



SWITCHIflG CHARflCTCMSTICS V C c=5V±5%(No.es2and3) 


SYMBOL 


PARAMETER 


CONDITIONS 


LTC485C, LTC485I 
MIN TYP MAX 


UNITS 


tpLH 


Driver Input to Output 


R D i FF =54fi, C L1 =C L2 =100pF > 

(Figures 3 and 5) 


o 


10 30 


60 


ns 


tpHL 


Driver Input to Output 


o 


10 30 


60 




^SKEW 


Driver Output to Output 


o 


5 


10 




tR. t F 


Driver Rise or Fall Time 


o 


3 15 


40 




t2H 


Driver Enable to Output High 


C L = 100pF (Figures 4 and 6) S2 Closed 


o 


40 


70 


ns 


t Z L 


Driver Enable to Output Low 


C L =100pF (Figures 4 and 6) S1 Closed 


o 


40 


70 


ns 


tLZ 


Driver Disable Time from Low 


C L = 15pF (Figures 4 and 6) S1 Closed 


o 


40 


70 


ns 


k 


Driver Disable Time from High 


C L =15pF (Figures 4 and 6) S2 Closed 


o 


40 


70 


ns 


tpLH 


Receiver Input to Output 


R D i FF =54fl, C L1 =C L2 =100pF I 
(Figures 3 and 7) 


o 


30 90 


200 


ns 


tpHL 


Receiver Input to Output 


o 


30 90 


200 


ns 


tSKD 


ItpLH-tpHlJ 

Differential Receiver Skew 


o 


13 


ns 


tZL 


Receiver Enable to Output Low 


C RL =15pF (Figures 2 and 8) S1 Closed 


o 


20 


50 


ns 


tffl 


Receiver Enable to Output High 


C RL =15pF (Figures 2 and 8) S2 Closed 


o 


20 


50 


ns 


tLZ 


Receiver Disable from Low 


C RL =15pF (Figures 2 and 8) SI Closed 


o 


20 


50 


ns 


tHZ 


Receiver Disable from High 


C RL =15pF (Figures 2 and 8) S2 Closed 


o 


20 


50 


ns 



The o denotes specifications which apply over the full operating 
temperature range. 

Note 1: "Absolute Maximum Ratings" are those beyond which the safety of 
the device cannot be guaranteed. 



Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 
Note 3: All typicals are given for V cc = 5V and T A = 25°C. 



T€ST CIRCUITS 





Figure 1. Driver DC Test Load 

ic L1 \_±" 




Figure 3. Driver/Receiver Timing Test Circuit 



15pF 



Figure 2. Receiver Timing Test Load 
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Figure 4. Driver Timing Test Load #2 
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LTC485 

swiTcmnG Time unv€FORms 



Vo • 

ov ■ 

-Vo ■ 



J- 



v ° -j—K 



-t- 



-tpLH 



t 1/2 Vo ~~ H I"* — *SKEW 

yf- 80% 

10%/ 



f=1MHz:tR<10ns:tF<10ns 



V D IFF=V(A)-V(B) 



J r 1.5V 



tPHL- 



1/2 Vo 

_L_ 



-II- 



tSKEW 



\ 20% 



Figure 5. Driver Propagation Delays 
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Figure 6. Driver Enable and Disable Times 



Voh ■ 
Vol ■ 



VOD2 



-VOD2 



J r 1.5V 



tPHL- 



is 



OUTPUT 



f = 1MHz:tR<10ns:tF<10ns 
INPUT 



nM.5V 



tPLH~ 



j Q 



Figure 7. Receiver Propagation Delays 
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Figure 8. Receiver Enable and Disable Times 
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LTC485 



Funaion Titties 



pin Funcnons 



LTC485 Transmitting 



INPUTS 


LINE 
CONDITION 


OUTPUTS 


RE 


DE 


Dl 


B 


A 


X 


1 


1 


No Fault 





1 


X 


1 





No Fault 


1 





X 





X 


X 


z 


z 


X 


1 


X 


Fault 


z 


z 



LTC485 Receiving 



INPUTS 


OUTPUTS 


RE 


DE 


A-B 


R 






1 








>+0.2V 

<-0.2V 

Inputs Open 

X 


1 

1 

z 



PIN # 


NAME 


DESCRIPTION 


1 


RO 


Receiver Output. If the receiver output is enabled 
(RE low), then if A > B by 200mV, RO will be high. If 
A<B by 200mV, then RO will be low. 


2 


RE 


Receiver Output Enable. A low enables the 
receiver output, RO. A high input forces the 
receiver output into a high impedance state. 


3 


DE 


Driver Outputs Enable. A high on DE enables the 
driver output. A and B, and the chip will function 
as a line driver. A low input will force the driver 
outputs into a high impedance state and the chip 
will function as a line receiver. 


4 


Dl 


Driver Input. If the driver outputs are enabled (DE 
high), then a low on Dl forces the outputs A low 
and B high. A high on Dl with the driver outputs 
enabled will force A high and B low. 


5 


GND 


Ground Connection. 


6 


A 


Driver Output/Receiver Input. 


7 


B 


Driver Output/Receiver Input. 


8 


Vcc 


Positive Supply; 4.75<V C c<5.25 



TYPICAL P€RFORfnnnC€ CHflRflCT€MSTICS 



Receiver Output Low Voltage vs 
Output Current Ta=25°C 



Receiver Output High Voltage vs 
Output Current Ta=25°C 



Receiver Output High Voltage vs 
Temperature @l= 8mA 
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LTC485 

TYPicm P€RFORmnnc€ charactcristics 



Receiver Output Low Voltage vs 
Temperature @l= 8mA 



Driver Differential Output Voltage 
vs Output Current Ta=25°C 



Driver Differential Output Voltage 
vs Temperature Rl= 541} 
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Driver Output Low Voltage vs 
Output Current T A =25°C 



Driver Output High Voltage vs 
Output Current T A =25°C 



TTL Input Threshold vs 
Temperature 



70 

1 60 

I 50 
cc 

B 40 
\— 

| 30 
o 
20 

10 





7 


r 


r 


% 


_r 


z 


/ 


f 

J 


J 



-96 

-84 

< 
.§.-72 

\- 

1-60 
cc 

£-48 

£-36 
o 
-24 

-12 

n 





































































































































































1.64 
1.63 



£j 161 



S 1.50 

LU 
DC 

E 1.58 



; 1.57 



1.55 







































































/ 



























































c 




1 




2 


3 




4 


( 




1 




2 


3 




4 


_i 


-25 C 


25 50 75 100 125 


OUTPUT VOLTAGE (V) OUTPUT VOLTAGE (V) TEMPERATURE (°C) 


7.5 
7.0 
6.5 
6.0 
1 5 - 5 

LU 

| 5.0 


tece 
iemp 


ver |1 
eratu 


PLH- 

re 


■tpH 


lI vs 






5.4 
4.8 
4.2 
3.6 
1 3 -° 

LU 

- 2.4 

1.8 
1.2 
06 


Drive 


rSke 


MVVSl 


remp 


eratu 


re 




640 
580 
520 

% 460 

i— 

| 400 
cr 

| 340 
| 280 

CO 

220 
160 


Supp 


lyCu 


rrent 


vsTe 


mper 


ature 






































[ 


JRIVEF 


ENABl 


.ED 


/ 
























































































J 




































DRIVER DISABLED^ 


s 




4.5 
4.0 
35 














































30 


50 - 


25 


3 2 


5 5 


7 


5 1 


DO \s 
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LTC486 

Quad Low Power 
RS485 Driver 



a Very Low Power: l C c = 1 1 0|iA Typ. 

a Designed for RS485 or RS422 Applications 

a Single +5V Supply 

a -7V to +12V Bus Common Mode Range Permits ±7V 

GND Difference Between Devices on the Bus 
a Thermal Shutdown Protection 
n Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion/Removal of Package 
a Driver Maintains High Impedance in Three-State or 

with the Power Off 
° 28ns Typical Driver Propagation Delays with 5ns 

Skew 
° Pin Compatible with the SN751 72, DS961 72, 

jaA96172, and DS96F172 

mmmimm 

a Low Power RS485/RS422 Drivers 
a Level Translator 



The LTC486 is a low power differential bus/line driver 
designed formultipoint data transmission standard RS485 
applications with extended common mode range (+12Vto 
-7V). It also meets RS422 requirements. 

The CMOS design offers significant power savings over its 
bipolar counterpartwithout sacrificing ruggednessagainst 
overload or ESD damage. 

The driver features three-state outputs, with the driver 
outputs maintaining high impedance over the entire com- 
mon mode range. Excessive power dissipation caused by 
bus contention or faults is prevented by a thermal shut- 
down circuit which forces the driver outputs into a high 
impedance state. 

Both AC and DC specifications are guaranteed from 0°C to 
70°C and over the 4.75V to 5.25V supply voltage range. 



WIPMIL »U€f«^ 



EN 



- ™ Q> to&i V PPJT ^ 



Il2 



4000 FT BELDEN 9841 



1/4 LTC486 



RS485 Cable Length Specification* 
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LTC486 



ABsoiuTC mnximum RmrmGs 

(Notel) 

Supply Voltage (V cc ) 12V 

Control Input Voltages -0.5V to V C c + 0.5V 

Driver Input Voltages -0.5V to V C c + 0.5V 

Driver Output Voltages ±14V 

Control Input Currents ±25mA 

Driver Input Currents ±25mA 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

TjMAX = 125 o C,e JA = 70 o C/W(N) 
TjMAX = 150°C,e JA = 95°C/W(S) 



PnCKflG€/ORD€R inFOftmmion 




N PACKAGE S PACKAGE 

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 



LTC486-POI01 



ORDER PART 
NUMBER 



LTC486CN 
LTC486CS 



DC €l€CTRICftl CHflRflCTCRISTICS Vcc = 5V ±5%, 0C< Temperature 


<70°C(Note2,3) 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VoD1 


Differential Driver Output Voltage (Unloaded) 


lo = 


5 


V 


VOD2 


Differential Driver Output Voltage (With Load) 


R = 50ft; (RS422) 


2 


V 




R = 27ft; (RS485) (Figure 1) 


1.5 




5 


V 


VOD 


Change in Magnitude of Driver Differential 
Output Voltage for Complementary Output States 


R = 27ft or R = 50ft 
(Figure 1) 


0.2 


V 


V C 


Driver Common Mode Output Voltage 


3 




IVocI 


Change in Magnitude of Driver Common Mode 
Output Voltage for Complementary Output States 


0.2 




V|H 


Input High Voltage 


Dl, EN, EN 


2.0 


V 


V|L 


Input Low Voltage 


0.8 


V 


>IN1 


Input Current 


±2 


MA 


Ice 


Supply Current 


No Load 


Output Enabled 




110 


200 


HA 




Output Disabled 




110 


200 




'0SD1 


Driver Short Circuit Current, Vout = High 


-7V<V <+12V 


250 


mA 


'0SD2 


Driver Short Circuit Current, Vout = Low 


-7V<V <+12V 


250 


mA 


loz 


High Impedance State Output Current 


V = -7Vto12V 




±2 


±200 


ILiA 



SWITCHinG CHflRRCTCRISTICS V CC = 5V ±5%, 0°C < Temperature < 70°C (Note 2, 3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


tpLH 


Driver Input to Output 


R D lFF = 54ft 5 C L i=CL2 = 100pF 
(Figures 2, 4) 


20 


28 


60 


ns 


tpHL 


Driver Input to Output 


20 


28 


60 




tSKEW 


Driver Output to Output 




5 


15 




tr.tf 


Driver Rise or Fall Time 


5 


15 


71 




tZH 


Driver Enable to Output High 


C L = 100pF (Figures 3, 5) S2 Closed 




35 


70 


ns 


tZL 


Driver Enable to Output Low 


C L = 100pF (Figures 3, 5) S1 Closed 




44 


75 


ns 


tLZ 


Driver Disable Time from Low 


C L = 15pF (Figures 3, 5) S1 Closed 




55 


92 


ns 


tHZ 


Driver Disable Time from High 


C L = 15pF (Figures 3, 5) S2 Closed 




45 


75 


ns 



Note 1: "Absolute Maximum Ratings" are those beyond which the safety 

of the device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device 



pins are negative. All voltages are referenced to device ground unless 

otherwise specified. 

Note 3: All typicals are given for Vcc = 5V and Temperature = 25°C. 
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TECHNOLOGY 



LTC486 



Funaion TABIC 



INPUT 


ENABLES 


OUTPUTS 


Dl 


EN 


EN 


OUTA 


OUTB 


H 
L 
H 
L 
X 


H 
H 
X 
X 
L 


X 
X 
L 
L 
H 


H 
L 
H 

L 
Z 


L 
H 
L 
H 
Z 



H: High Level 

L: Low Level 

X: Irrelevant 

Z: High Impedance (Off) 



pin Funaions 

DI1 (Pin 1 ): Driver 1 input. If Driver 1 is enabled, then a low 
on DI1 forces the driver outputs D01 Alow and D01B high. 
A high on DM with the driver outputs enabled will force 
D01A high and D01 Blow. 

D01A (Pin 2): Driver 1 output. 

D01B (Pin 3): Driver 1 output. 

EN (Pin 4): Driver outputs enabled. See Function Table for 
details. 

D02B (Pin 5): Driver 2 output. 

D02A (Pin 6): Driver 2 output. 

DI2 (Pin 7): Driver 2 input. Refer to DM . 



GND (Pin 8): Ground connection. 

DI3 (Pin 9): Driver 3 input. Refer to DM . 

D03A (Pin 10): Driver 3 output. 

D03B (Pin 11): Driver 3 output. 

EN (Pin 12): Driver outputs disenabled. See Function 
Table for details. 

D04B (Pin 13): Driver 4 output. 

D04A (Pin 14): Driver 4 output. 

DI4 (Pin 15): Driver 4 input. Refer to DM . 

Vcc (Pin 16): Positive supply; 4.75 < V C c < 5.25. 



T€ST CIRCUITS 



rr 



LTC486'TA02 



Figure 1. Driver DC Test Load 



EN 




Figure 2. Driver Timing Test Circuit 




Figure 3. Driver Timing Test Load #2 
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LTC486 

suiTcwnG Time ujnvcFORms 



3V- 

0V- 

B- 



'/■ 



1.5V 
tpLH 



f = 1 MHz • t r < 10ns • t f < 1 0ns 



X 



ye 



3£ 



1/2 Vn 




80% 
10% 



V DIFF = V < A )- V ( B ) 

Figure 4. Driver Propagation Delays 



20% 



3V- 



EN 



jfi 



5V- 



A, B 



V H- 



X 



-23V 



f = 1 MHz • t r < 10ns : tf < 10ns 



OUTPUT NORMALLY LOW 



v 



A 



■2 3V 



OUTPUT NORMALLY HIGH 



.0.5V 

:o.5v 



Figure 5. Driver Enable and Disable Times 



Twicm KRFORmnnce characteristics 





Driver Output High Voltage vs 
Output Current T A = 25°C 






Driver Differential Output Voltage 
Output Current T A = 25°C 


vs 


Driver Output Low Voltage 
Output Current T A = 25°C 


vs 
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OUTPUT VOLTAGE (V) ltc48 6 .tpcoi 



12 3 4 

OUTPUT VOLTAGE (V) ltc486.tpco 2 



12 3 4 

OUTPUT VOLTAGE (V) ltc486 . tpcos 

Supply Current vs Temperature 



]161 



3 157 



155 
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50 100 

TEMPERATURE (°C ) ltc4 8 6.tpco4 



50 100 

TEMPERATURE (°C ) ltc486.tpco 5 
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Ai/ TECHNOLOGY 



LTC486 



TYPicni P€RFORmnnc€ charactcristics 

Driver Differential Output Voltage vs 
Temperature Rq = 54Q 
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TECHNOLOGY 



LTC487 



Quad Low Power 
RS485 Driver 



n Very Low Power: Ice = 1 1 OjliA Typ. 

D Designed for RS485 or RS422 Applications 

n Single +5V Supply 

D -7V to +12V Bus Common Mode Range Permits ±7V 

GND Difference Between Devices on the Bus 
n Thermal Shutdown Protection 
n Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion/Removal of Package 
n Driver Maintains High Impedance in Three-State or 

with the Power Off 
n 28ns Typical Driver Propagation Delays with 5ns 

Skew 
& Pin Compatible with the SN75174, DS96174, 

IXA96174, andDS96F174 

n Low Power RS485/RS422 Drivers 
n Level Translator 



The LTC487 is a low power differential bus/line driver 
designed for multipoint datatransmission standard RS485 
applications with extended common mode range (+12Vto 
-7V). It also meets RS422 requirements. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver features three-state outputs, with the driver 
outputs maintaining high impedance over the entire com- 
mon mode range. Excessive power dissipation caused by 
bus contention or faults is prevented by a thermal shut- 
down circuit which forces the driver outputs into a high 
impedance state. 

Both AC and DC specifications are guaranteed from 0°C to 
70°C and over the 4.75V to 5.25V supply voltage range. 



WPDCfillL fiPPUCfflM 



EN 12 




RS485 Cable Length Specification* 



EN 12 



"T120H WW T1200 
L fiv 1 A AA A L wv 1 



4000 FT BELDEN 9841 
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1/4 LTC489 



1/4 LTC487 
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10k 100k 1M 2.5M 10M 
DATA RATE (bps) 

LTCWTA09 

* APPLIES FOR 24 GAUGE, POLYETHYLENE 
DIELECTRIC TWISTED PAIR 
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XTUHS8 



LTC487 



(MsoiuTC mnximum nnnnGs 

(Notel) 

Supply Voltage (V cc ) 12V 

Control Input Voltages -0.5V to V C c + 0.5V 

Driver Input Voltages -0.5V to V C c + 0.5V 

Driver Output Voltages ±14V 

Control Input Currents ±25mA 

Driver Input Currents ±25mA 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 

Tj MAX = 125 o C,ej A = 70 o C/W(N) 
TjMAX = 150 o C,e JA = 95°C/W(S) 



prckrgc/ordcr inFORmATion 




H v cc 

]5] DI4 

J4] D04A 

73] D04B 

< >-<- ]U EN34 

77] D03B 

7(5] D03A 

T| DI3 

N PACKAGE S PACKAGE 

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

LTC487 • POI01 



ORDER PART 
NUMBER 



LTC487CN 
LTC487CS 



DC €l€CTRICfll CHflRflCTCRISTICS V CC = 5V ±5%, 0°C < Temperature < 70°C (Note 2, 3) 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


VoDi 


Differential Driver Output Voltage (Unloaded) 


lo = 


5 


V 


VOD2 


Differential Driver Output Voltage (With Load) 


R = 50O; (RS422) 


2 


V 




R = 27ft; (RS485) (Figure 1) 


1.5 




5 


V 


V D 


Change in Magnitude of Driver Differential 
Output Voltage for Complementary Output States 


R = 27Q or R = 50Q 
(Figure 1) 


0.2 


V 


VOC 


Driver Common Mode Output Voltage 


3 




IV 0C I 


Change in Magnitude of Driver Common Mode 
Output Voltage for Complementary Output States 


0.2 




V| H 


Input High Voltage 


DI,EN12,EN34 


2.0 


V 


V|L 


Input Low Voltage 


0.8 


V 


'lN1 


Input Current 


±2 


jiA 


Ice 


Supply Current 


No Load 


Output Enabled 




110 


200 


HA 




Output Disabled 




110 


200 




>OSD1 


Driver Short Circuit Current, Vout = High 


-7V<V <+12V 


250 


mA 


'0SD2 


Driver Short Circuit Current, Vout = Low 


-7V<V <+12V 


250 


mA 


loz 


High Impedance State Output Current 


V = -7Vto12V 




±2 


±200 


^A 



SWITCHIAG CHARACTERISTICS V CC = 5V ±5%, 0°C < Temperature < 70C (Note 2, 3) 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


tpLH 


Driver Input to Output 


R D l FF = 54Q,C L1 = C L2 = 100pF 
(Figures 2, 4) 


20 


28 


60 


ns 


tpHL 


Driver Input to Output 


20 


28 


60 




tSKEW 


Driver Output to Output 




5 


15 




tr.tf 


Driver Rise or Fall Time 


5 


20 


71 




tZH 


Driver Enable to Output High 


C L = 100pF (Figures 3, 5) S2 Closed 




35 


70 


ns 


tZL 


Driver Enable to Output Low 


C L = 100pF (Figures 3, 5) S1 Closed 




44 


75 


ns 


tLZ 


Driver Disable Time from Low 


C L = 15pF (Figures 3, 5) S1 Closed 




55 


92 


ns 


tHZ 


Driver Disable Time from High 


Cl = 15pF (Figures 3, 5) S2 Closed 




45 


75 


ns 



Note 1: "Absolute Maximum Ratings" are those beyond which the safety 

of the device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device 



pins are negative. All voltages are referenced to device GND unless 

otherwise specified. 

Note 3: All typicals are given for Vcc = 5V and Temperature = 25°C. 
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LTC487 



Funaion mate 



INPUT 


ENABLES 


OUTPUTS 


Dl 


EN12orEN34 


OUTA 


OUTB 


H 
L 
X 


H 
H 
L 


H 
L 
Z 


L 
H 
Z 



H: High Level 
L: Low Level 



X: Irrelevant 

Z: High Impedance (Off) 



pin Funaions 

DI1 (Pin 1 ): Driver 1 input. If Driver 1 is enabled, then a low 
on DM forces the driver outputs D01 A low and D01B high. 
A high on DM with the driver outputs enabled will force 
D01A high and D01 Blow. 

D01A (Pin 2): Driver 1 output. 

D01B (Pin 3): Driver 1 output. 

EN12 (Pin 4): Driver 1 and 2 outputs enabled. See Func- 
tion Table for details. 

D02B (Pin 5): Driver 2 output. 

D02A (Pin 6): Driver 2 output. 

DI2 (Pin 7): Driver 2 input. Refer to DM . 



GND (Pin 8): GND connection. 

DI3 (Pin 9): Driver 3 input. Refer to DM . 

D03A (Pin 10): Driver 3 output. 

D03B (Pin 11): Driver 3 output. 

EN34 (Pin 12): Driver 3 and 4 outputs enabled. See 
Function Table for details. 

D04B (Pin 13): Driver 4 output. 

D04A (Pin 14): Driver 4 output. 

DI4 (Pin 15): Driver 4 input. Refer to DM . 

V C c (Pin 16): Positive supply; 4.75 < V C c < 5.25. 



T€ST CIRCUITS 



v OD T ± 

1 VJ 

_| < v oc 



Figure 1. Driver DC Test Load 






DRIVER 1 > ^R ni 




CM 



CI2 — 

LTC487«TA03 



Figure 2. Driver Timing Test Circuit 



OUTPUT 
UNDER TEST 






— r- U L S2 "~| 

LTC487«TA04 

Figure 3. Driver Timing Test Load #2 
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LTC487 



SWITCHIflG Time mnv€FORms 






5V 




Dl tK 1 - 57 f = 1MHz : t r < 10ns :t f < 10ns 




k 1 




"d * * ~~ 


l PLH " 




tpLH **~~ 


V >* 




s/ 




v " * X 


— t ' 

1/2 V -*- 


A. 




A „ i 

1/2 V 

v 

-* =n 

3V 


-J 


-*— l SKEW 


1**— l SKEW 




/f 80% V D|FF = V(A)-V(B) 
0% 

Figure 4. Driver Propagation Delays 


J < 


r90% 
>U20% 








-T- 


LTC487«TA05 


EIM12 tK^ 5V f = 1MHz:t r < 10ns : tf < 10ns 


\ 


^.5V 






*ZL 


c 2.3V OUTPUT NORMALLY LOW 


l LZ 
1 


— 


A,B 

Vni 


\ 


0.5V 




v OL 










A,B 


/ 


C 2.3V OUTPUT NORMALLY HIGH 

Figure 5. Driver Enable and Disable Times 


— 




0.5V 






*ZH 




LTC487.TA06 



topical p€RFonmnnc€ characteristics 





Driver Output High Voltage 
Output Current T A = 25°C 


VS 






Driver Differential Output Voltage 
Output Current T A = 25°C 


VS 


Driver Output Low Voltage 
Output Current T A = 25°C 


vs 
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12 3 4 

OUTPUT VOLTAGE (V) ltc487.tpcoi 

TTL Input Threshold vs Temperature 



12 3 4 

OUTPUT VOLTAGE (V) ltcwtpcoz 

Driver Skew vs Temperature 



12 3 4 

OUTPUT VOLTAGE (V) ltcw . tpcos 

Supply Current vs Temperature 



51.61 



= 1.59 



1.55 
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TEMPERATURE (°C ) ltcw-tpcw 



50 100 

TEMPERATURE (°C ) ltc487.tpco 5 
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TEMPERATURE (°C ) ltcw.tpcm 
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LTC487 



topical P€RFORmnnc€ charactcristics 

Driver Differential Output Voltage vs 
Temperature Rq = 54Q 



2.3 



2.1 
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A.>saP TECHNOLOGY 




X 




LTC488/LTC489 



TECHNOLOGY Q uad RS485 Line Receiver 



m 



m$mmm 



n Low Power: Ice = 7mA Typ. 

° Designed for RS485 or RS422 Applications 

n Single 5V Supply 

° -7Vto 12V Bus Common Mode Range Permits ±7V 

Ground Difference Between Devices on the Bus 
n 60mV Typical Input Hysteresis 
a Receiver Maintains High Impedance in Three-State or 

with the Power Off 
D 28ns Typical Receiver Propagation Delay 
° Pin Compatible with the SN75173 (LTC488) 
° Pin Compatible with the SN75175 (LTC489) 

° Low Power RS485/RS422 Receivers 
n Level Translator 



The LTC488 and LTC489 are low power differential bus/ 
line receivers designed for multipoint data transmission 
standard RS485 applications with extended common mode 
range (1 2V to -7V). They also meet the requirements of 
RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpartwithout sacrificing ruggedness against 
overload or ESD damage. 

The receiver features three-state outputs, with the receiver 
output maintaining high impedance over the entire com- 
mon mode range. 

The receiver has a fail-safe feature which guarantees a 
high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed 4.75V to 
5.25V supply voltage range. 



topocibil imocra®^ 



EN EN 



DRIVER 
1/4 LTC486 



SEXXXX 



4000 FT 24 GAUGE TWISTED PAIR 



EN EN 



M20Q 




EN12 



DRIVER 
1/4 LTC487 



^EXXXX 



4000 FT 24 GAUGE TWISTED PAIR 



EN12 



RECElVEFfN Q no 

1/4 LTC489^ R0 



LTC488/9 TA01 
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LTC488/LTC489 



rbsoiut€ mnximum ROTinGs m ^ 

Supply Voltage (V cc ) 12V 

Control Input Currents - 25mA to 25mA 

Control Input Voltages -0.5V to V C c + 0.5V 

Receiver Input Voltages ±14V 

Receiver Output Voltages -0.5V to V C c + 0.5V 



Operating Temperature Range 

LTC488C/LTC489C 0°Cto70°C 

LTC488I/LTC489I -40°C to 85°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PflCKflG€/ORD€R inFORfllOTIOn 



TOP VIEW 



B1 [T 
A1 [Y 

R01 |T 
EN |T 

R02 [J 
A2 Q[ 
B2 [7 

GND \J 



m 



&L 



St 



16] V CC 
if] B4 
U\ A4 
TU R04 
12] EN 
Tl] R03 
10] A3 
T\ B3 



N PACKAGE S PACKAGE 

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

Tjmax = 150°C, e JA = 70°C/W (N PKG) 
Tjmax = 150°C, 9 JA = 90°C/W (S PKG) 



ORDER PART 
NUMBER 



LTC488CN 
LTC488CS 
LTC488IN 
LTC488IS 



TOP VIEW 




N PACKAGE S PACKAGE 

16-LEAD PLASTIC DIP 16-LEAD PLASTIC SOL 

Tjmax = 150°C, e JA = 70°C/W (N PKG) 
Tjmax = 15O°C I 0j A = 9O°C/W(S PKG) 



ORDER PART 
NUMBER 



LTC489CN 
LTC489CS 
LTC489IN 
LTC489IS 



DC €L€CTfiiCHL CHHKHCT€fiiSTlCS V cc = 5V±5%(Notes2ancl3) J . 


jnless otherwise noted. 




SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


V INH 


Input High Voltage 


EI\I,EN,EI\I12,EI\I34 





2.0 


V 


V|NL 


Input Low Voltage 


EN,EN,EN12 ) EN34 


o 


0.8 


V 


•lN1 


Input Current 


EN, EN, EN12, EN34 


o 


±2 


ma 


■lN2 


Input Current (A, B) 


Vcc = 0V or 5.25V, V| N = 12V 
Vcc = 0V or 5.25V, V| N = -7V 


o 

o 


1.0 
-0.8 


mA 
mA 


Vth 


Differential Input Threshold Voltage for Receiver 


-7V<V CM <12V 


o 


-0.2 




0.2 


V 


AV TH 


Receiver Input Hysteresis 


V CM = 0V 




60 


mV 


VOH 


Receiver Output High Voltage 


l = -4mA, V| D = 0.2V 


o 


3.5 


V 


Vol 


Receiver Output Low Voltage 


l = 4mA, V| D = -0.2V 





0.4 


V 


'OZR 


Three-State Output Current at Receiver 


V cc = Max 0.4V <V < 2.4V 


o 


±1 


MA 


Ice 


Supply Current 


No Load 


o 




7 


10 


mA 


Rin 


Receiver Input Resistance 


-7V<Vcm<12V,V C c = 0V 


o 


12 


KQ 


>OSR 


Receiver Short-Circuit Current 


0V<V o <V cc 





7 




85 


mA 


tpLH 


Receiver Input to Output 


C L = 15pF (Figures 1,3) 





12 


28 


55 


ns 


tpHL 


Receiver Input to Output 


C L = 15pF (Figures 1,3) 





12 


28 


55 


ns 


tSKD 


ItpLH-tpmJ 
Differential Receiver Skew 


C L = 15pF (Figures 1,3) 




4 


ns 
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LTC488/LTC489 



DC €l€CTRICRL CHRRRCT6RISTICS v cc = 



5V ±5% (Notes 2 and 3), unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN TYP 


MAX 


UNITS 


tZL 


Receiver Enable to Output Low 


C L = 15pF (Figures 2, 4) S1 Closed 


o 


30 


45 


ns 


tffl 


Receiver Enable to Output High 


C L = 15pF (Figures 2, 4) S2 Closed 





30 


45 


ns 


tLZ 


Receiver Disable from Low 


C L = 15pF (Figures 2, 4) S1 Closed 


o 


30 


45 


ns 


tHZ 


Receiver Disable from High 


C L = 15pF (Figures 2, 4) S2 Closed 


o 


30 


45 


ns 



The o denotes specifications which apply over the operating temperature 

range. 

Note 1: "Absolute Maximum Ratings" are those beyond which the safety 

of the device cannot be guaranteed. 



Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 
Note 3: All typicals are given for Vcc = 5V and Ta = 25°C. 



TYPicm P€RFonmnnc€ chrrrctcristics 



Receiver Output Low Voltage vs 
Temperature at I = 8mA 



Receiver Output High Voltage vs 
Temperature at I = 8mA 



Receiver Output High Voltage vs 
Output Current at T A = 25°C 
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LTC488/LTC489 



typical PCRFOftmnncc charactcristics 





Supply Current 


vs Temperature 
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pin Functions 

PIN 1(B1) Receiver 1 input. 
PIN 2 (A1) Receiver 1 input. 
PIN 3 (R01) Receiver 1 output. If the receiver output is 
enabled, then if A > B by 200mV, R01 will be high. If A < 
B by 200mV, then R01 will be low. 
PIN 4 (EN)(LTC488) Receiver output enabled. See Func- 
tion Table for details. 

PIN 4 (EN12)(LTC489) Receiver 1, Receiver 2 output 
enabled. See Function Table for details. 
PIN 5 (R02) Receiver 2 output. Refer to R01. 
PIN 6 (A2) Receiver 2 input. 
PIN 7 (B2) Receiver 2 input. 
PIN 8 (GND) Ground connection. 



PIN 9 (B3) Receiver 3 input. 

PIN 10 (A3) Receiver 3 input. 

PIN 11 (R03) Receiver 3 output. Refer to R01. 

PIN 12 (EN)(LTC488) Receiver output disabled. See 

Function Table for details. 

PIN 12 (EN34)(LTC489) Receiver 3, Receiver 4 output 

enabled. See Function Table for details. 

PIN 13 (R04) Receiver 4 output. Refer to R01 . 

PIN 14 (A4) Receiver 4 input. 

PIN 15 (B4) Receiver 4 input. 

PIN 16 (V cc ) Positive Supply; 4.75V < V cc < 5.25V 



FUnCTIOn TflBLCS 

LTC488 



DIFFERENTIAL 



A-B 



V| D >0.2V 



-0.2V <V| D < 0.2V 



V| D <0.2V 



ENABLES 



EN 



EN 



OUTPUT 



RO 



LTC489 



DIFFERENTIAL 


ENABLES 


OUTPUT 


A-B 


EN12orEN34 


RO 


V iD >0.2V 


H 


H 


-0.2V <V| D < 0.2V 


H 


? 


V, D < 0.2V 


H 


L 


X 


L 


Z 



H: High Level 
L: Low Level 
X: Irrelevant 



?: Indeterminate 

Z: High Impedance (Off) 
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LTC488/LTC489 



T€ST CIRCUITS 



ioopF : 



DRIVER^ £ 54« 

^ ZZZ ioopF 





Figure 1 . Receiver Timing Test Circuit 



Figure 2. Receiver Enable and Disable Timing Test Circuit 



Note: The input pulse is supplied by a generator having the following characteristics: 
f = 1MHz, Duty Cycle = 50%, t r < 10ns, t f < 10ns, Zqut = 50Q 



SWITCHN1G Tim€ WIW€FORmS 



INPUT 
A,B 



VOD2 

-VOD2 

VOH 

Vol 



D(< 



INPUT 



f = 1MHz,t r < 10ns; tf£ 10ns 



Jk 



- tpLH - 



X: 



EN OR 
EN12 



-IPLH-*- 



Figure 3. Receiver Propagation Delays 



ov 

5V ■ 
) 
Vol- 

Voh- 



D(< 



f = 1MHz;t r <10ns,t f <10ns 



)€ 



-t Z L- 



X 



15V OUTPUT NORMALLY LOW 



-tzL- 



tLZ 



J 0.5V 



tHZ 



/l.5\ 



OUTPUT NORMALLY HIGH 



Figure 4. Receiver Enable and Disable Times 



RppucOTions inFOfimnnon 



DX- 



1/4LTC488 0R>^— RX 
1/4LTC489^ 




Figure 5. Typical Connection 
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LTC488/LTC489 



flppucmrions inFORmnnon typical nppucmions 

Typical Application 

A typical connection of the LTC488/LTC489 is shown in 

Figure 5. Two twisted-pair wires connect up to 32 driver/ 

receiver pairs for half-duplex data transmission. There are 2 Receiver 

no restrictions on where the chips are connected to the 

wires, and it isn't necessary to have the chips connected 

at the ends. However, the wires must be terminated only 

at the ends with a resistor equal to their characteristic 

impedance, typically 120Q. The input impedance of a 

receiver is typically 20k to GND, or 0.5 unit RS485 load, so 

in practice 50 to 60 transceivers can be connected to the 

same wires. The optional shields around the twisted-pair 

help reduce unwanted noise, and are connected to GND at 

one end. 
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LTC490 



Differential Driver and 
Receiver Pair 



iFd 



a Low Power: Ice = 300|iA Typical 

a Designed for RS485 or RS422 Applications 

□ Single +5V Supply 

n -7Vto +12V Bus Common Mode Range 

Permits ±7V Ground Difference Between Devices 

on the Bus 
n Thermal Shutdown Protection 
a Power-Up/Down Glitch-Free Driver Outputs Permit 

Live Insertion or Removal of Package 
a Driver Maintains High Impedance in Three-State or 

with the Power Off 
a Combined Impedance of a Driver Output and 

Receiver Allows up to 32 Transceivers on the Bus 

□ 70mV Typical Input Hysteresis 

n 28ns Typical Driver Propagation Delays with 5ns 
Skew 

□ Pin Compatible with the SN751 79 



(l^mQ«H®fll 



□ Low Power RS485/RS422 Transceiver 

□ Level Translator 



GMS€»¥Q©(fi) 

The LTC490 is a low power differential bus/line transceiver 
designed formultipointdatatransmission standard RS485 
applications with extended common mode range (+1 2V to 
-7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpartwithout sacrificing ruggedness against 
overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail safe feature which guarantees a high 
output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from 0°C to 
70°C and 4.75V to 5.25V supply voltage range. 



wimel Euppycfiririioini 




T^oH WW T 120Q 

Lj W^ k kk k LJ fl*r 1 



4000 FT BELDEN 9841 



T~i2oE ww T ™* 
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LTC490 



rbsoiutc mnximum RnnnGs 

(Notel) 

Supply Voltage (V cc ) 12V 

Driver Input Currents -25mA to 25mA 

Driver Input Voltages -0.5V to V C c +0.5V 

Driver Output Voltages ±14V 

Receiver Input Voltages ±14V 

Receiver Output Voltages -0.5V to V C c +0.5V 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PnCKRG€/ORD€R IRFORmRTIOn 




N8 PACKAGE S8 PACKAGE 

MEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

LT490 • POI01 

TjMAX = 125°C,e JA = 100°C/W(N) 
Tjmax = 150°C,9j A = 150°C/W<S) 



ORDER PART 
NUMBER 



LTC490CN8 
LTC490CS8 
LTC490IN8 
LTC490IS8 



S8 PART MARKING 



490 
490I 



DC €l€CTRICni CHnRRCTCRISTICS 

Vcc = 5V ±5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP MAX 


UNITS 


VoD1 


Differential Driver Output Voltage (Unloaded) 


l = 


5 


V 


VOD2 


Differential Driver Output Voltage (With load) 


R = 50Q;(RS422) 


2 


V 




R = 27Q;(RS485) (Figure 1) 


1.5 


5 


V 


AV 0D 


Change in Magnitude of Driver Differential Output 
Voltage for Complementary Output States 


R = 27Q or R = 50a (Figure 1) 


0.2 


V 


VOC 


Driver Common Mode Output Voltage 


3 


V 


AlVocI 


Change in Magnitude of Driver Common Mode 
Output Voltage for Complementary Output States 


0.2 


V 


V| H 


Input High Voltage (D) 




2.0 


V 


V|L 


Input Low Voltage (D) 




0.8 


V 


hiMi 


Input Current (D) 




±2 


HA 


l|N2 


Input Current (A, B) 


V C c = 0V or 5.25V 


V, N = 12V 


+ 1.0 


mA 




V, N = -7V 


-0.8 


mA 


Vth 


Differential Input Threshold Voltage for Receiver 


-7V<V CM <12V 


-0.2 


+0.2 


V 


AV TH 


Receiver Input Hysteresis 


V CM = 0V 


70 


mV 


V H 


Receiver Output High Voltage 


l o = -4mA,V, D = +0.2V 


3.5 


V 


Vol 


Receiver Output Low Voltage 


l o = +4mA,V| D = -0.2V 


0.4 


V 


l0ZR 


Three-State Output Current at Receiver 


V C c = Max 0.4V <V < 2.4V 


±1 


^A 


>CC 


Supply Current 


l\loLoad;D = GI\ID,orV C c 


300 500 


HA 


RlN 


Receiver Input Resistance 


-7V<V CM <+12V 


12 


kQ 


l0SD1 


Driver Short Circuit Current, Vout = High 


-7V<V <+12V 


250 


mA 


>0SD2 


Driver Short Circuit Current, Vqut = Low 


-7V<V <+12V 


250 


mA 


'OSR 


Receiver Short-Circuit Current 


OV<V <V CC 


7 


85 


mA 


loz 


Driver Three-State Output Current 


V = -7Vto12V 


±2 ±200 


^A 
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LTC490 



swiTcmnG characteristics 



V C c = 5V ±5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted. 










SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


tpLH 


Driver Input to Output 


Rdiff = 54Q,Cli=Cl2 = 100pF 
(Figures 2, 3) 


10 


28 


60 


ns 


tpHL 


Driver Input to Output 


10 


28 


60 


ns 


tSKEW 


Driver Output to Output 


5 


ns 


tr.tf 


Driver Rise or Fall Time 


5 


15 


25 


ns 


tpLH 


Receiver Input to Output 


Rdiff = 54Q, C L1 = C L2 = 100pF 

(Figures 2, 4) 


40 


70 


150 


ns 


tpHL 


Receiver Input to Output 


40 


70 


150 


ns 


tSKD 


1 tpLH ~ tpHL 1 Differential Receiver Skew 


13 


ns 



Note 1: "Absolute Maximum Ratings" are those beyond which the safety 

of the device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device 



pins are negative. All voltages are referenced to device ground unless 

otherwise specified. 

Note 3: All typicals are given for Vcc = 5V and Temperature = 25°C. 



pin Funcnons 

Vcc (P'n 1): Positive supply; 4.75V < V C c < 5.25V. 

R (Pin 2): Receiver output. If A > B by 200mV, R will be 
high. If A < B by 200mV, then R will be low. 

D (Pin 3): Driver input. A low on D forces the driver outputs 
A low and B high. A high on D will force A high and B low. 

GND (Pin 4): Ground Connection. 



Y (Pin 5): Driver output. 
Z (Pin 6): Driver output. 
B (Pin 7): Receiver input. 
A (Pin 8): Receiver input. 



TVPicm p€RFOftmnnc€ characteristics 



Driver Output High Voltage vs 
Output Current T A = 25°C 
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o-48 
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OUTPUT VOLTAGE (V) 

LTC490.TPC01 



Driver Differential Output Voltage vs 
Output Current Ta = 25°C 



Driver Output Low Voltage vs 
Output Current T A = 25°C 
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OUTPUT VOLTAGE (V) 

LTC490.TPC02 



12 3 4 

OUTPUT VOLTAGE (V) 

LTC490.TPC03 
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LTC490 

typical P€RFonmnnc€ charactcristics 



TTL Input Threshold vs Temperature 
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TEMPERATURE (°C ) 



Driver Skew vs Temperature 



5.0 



4.0 



3.0 



2.0 



1.0 



LTC490-TPC04 



50 100 

TEMPERATURE (°C ) 



Supply Current vs Temperature 



^- 



320 



310 



LTC490«TPC05 



-50 50 100 

TEMPERATURE (°C ) 



LTC490«TPC06 



Driver Differential Output Voltage 
vs Temperature Rq = 54Q 



2.1 



it 
5 1.7 



-50 50 100 

TEMPERATURE (°C ) 

LTC490»TPC07 



Receiver Itpw-tpHiJ vs 
Temperature 



Receiver Output Low Voltage vs 
Temperature at I = 8mA 
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TEMPERATURE (°C ) 



LTC490»TPC08 



-50 50 100 

TEMPERATURE (°C ) 

LTC490.TPC09 



T€ST CIRCUITS 





Figure 1. Driver DC Test Load 



Figure 2. Driver/Receiver Timing Test Circuit 
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LTC490 



OV 

Vo 
-Vo 



jp 



5V 
l PLH 



50% 
10% 




"80% 



V 



v-t- 



1/2 Vn 



^f 1 

"H |-* — tSKEW 



f = 1MHz : t r < 10ns :t f < 10ns 



V DIFF = V(Y)-V(Z) 



Figure 3. Driver Propagation Delays 



> 



l PHL 



'0% S_50% 
*S C- 20% 



X 



1/2 V n 



-tSKEW 



LTC490 • TA04 



V 0D2 
A-B 
~ V 0D2 

VOH 



J> 



y< 



INPUT 



f = 1MHz, t r < 10ns -t f < 10ns 



OUTPUT 

Figure 4. Receiver Propagation Delays 



> 



l PHL 



*Ll.5V 



LTC490»TA05 



nppLicnnons mFORmnnon 

Typical Application 

Atypical connection of the LTC490 is shown in Figure 5. There are no restrictions on where the chips are con- 
Two twisted pair wires connect two driver/receiver pairs nected, and it isn't necessary to have the chips connected 
for full duplex data transmission. Note that the driver and at the ends of the wire. However, the wires must be 
receiver outputs are always enabled. Ifthe outputs must be terminated only at the ends with a resistor equal to their 
disabled, use the LTC491. characteristic impedance, typically 120Q. Because only 




sffml 



SHIELD 




:ooi^f 



Figure 5. Typical Connection 
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LTC490 

Appucmions inFORmnnon 

one driver can be connected on the bus, the cable can be 
terminated only at the receiving end. The optional shields 
around the twisted pair help reduce unwanted noise, and 
are connected to GND at one end. 

The LTC490 can also be used as a line repeater as shown 
in Figure 6. If the cable length is longer than 4000 feet, the 
LTC490 is inserted in the middle of the cable with the 
receiver output connected back to the driver input. 




n^rn ~- 



Thermal Shutdown 

The LTC490 has a thermal shutdown feature which pro- 
tects the part from excessive power dissipation. If the 
outputs of the driver are accidently shorted to a power 
supply or low impedance, source, up to 250mA can flow 
through the part. The thermal shutdown circuit disables 
the driver outputs when the internal temperature reaches 
150°C and turns them back on when the temperature 
cools to 130°C. If the outputs of two or more LTC490 
drivers are shorted directly, the driver outputs can not 
supply enough current to activate the thermal shutdown. 
Thus, the thermal shutdown circuit will not prevent con- 
tention faults when two drivers are active on the bus at the 
same time. 



Figure 6. Line Repeater 



XX- 
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TECHNOLOGY 



LTC491 



Differential Driver and 
Receiver Pair 



m 



□ Low Power: Ice = 300|iA Typical 

□ Designed for RS485 or RS422 Applications 
n Single +5V Supply 

□ -7Vto+12V Bus Common Mode Range 
Permits ±7V Ground Difference Between Devices 
on the Bus 

□ Thermal Shutdown Protection 

□ Power-Up/Down Glitch-Free Driver Outputs Permit 
Live Insertion or Removal of Package 

□ Driver Maintains High Impedance in Three-State or 
with the Power Off 

□ Combined Impedance of a Driver Output and 
Receiver Allows up to 32 Transceivers on the Bus 

□ 70mV Typical Input Hysteresis 

□ 28ns Typical Driver Propagation Delays with 5ns 
Skew 

a Pin Compatible with the SN751 80 

□ Low Power RS485/RS422 Transceiver 

□ Level Translator 



IMS£»TO(n) 

The LTC491 is a low power differential bus/line transceiver 
designed for multipoint datatransmission standard RS485 
applications with extended common mode range (+12Vto 
-7V). It also meets the requirements of RS422. 

The CMOS design offers significant power savings over its 
bipolar counterpart without sacrificing ruggedness against 
overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail safe feature which guarantees a high 
output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from 0°C to 
70°C and 4.75V to 5.25V supply voltage range. 
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LTC491 



absoiut€ mnximum nnnnGs 

(Notel) 

Supply Voltage (V cc ) 12V 

Control Input Voltages -0.5V to V C c +0.5V 

Control Input Currents -50mA to 50mA 

Driver Input Voltages -0.5V to V C c +0.5V 

Driver Input Currents -25mA to 25mA 

Driver Output Voltages ±14V 

Receiver Input Voltages ±14V 

Receiver Output Voltages -0.5V to V C c +0.5V 

Operating Temperature Range 0°C to 70°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PflCKflGC/ORDCR inFORmOTion 



NC[7 

R |T 

REB \J 

DE |T 

D [7 

GND 0[ 

GND \7 



TOP VIEW 
— C7 






|ngv cc 
73] NC 
lU A 

T]y 

T] NC 



N PACKAGE S PACKAGE 

14-LEAD PLASTIC DIP 14-LEAD PLASTIC SOIC 



LTC491-POI01 



ORDER PART 
NUMBER 



LTC491CN 
LTC491CS 
LTC491IN 
LTC491IS 



TjMAX = 100°C.9 JA = 90°C/W(N) 
TjMAx^OO-CejA^IO-C/WfS) 



DC €l€CTRICm CHMMCTCRISTICS 

Vcc = 5V ±5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted. 



SYMBOL 


PARAMETER 


CONDITIONS 


MIN 


TYP MAX 


UNITS 


VoD1 


Differential Driver Output Voltage (Unloaded) 


lo = 


5 


V 


V()D2 


Differential Driver Output Voltage (With load) 


R = 50Q;(RS422) 


2 


V 




R = 27Q; (RS485) (Figure 1) 


1.5 


5 


V 


AV 0D 


Change in Magnitude of Driver Differential Output 
Voltage for Complementary Output States 


R = 27Q or R = 50Q (Figure 1) 


0.2 


V 


Voc 


Driver Common Mode Output Voltage 


3 


V 


A |Voc I 


Change in Magnitude of Driver Common Mode 
Output Voltage for Complementary Output States 


0.2 


V 


V|H 


Input High Voltage 


D, DE, REB 


2.0 


V 


VlL 


Input Low Voltage 


0.8 


V 


l|N1 


Input Current 


±2 


HA 


'lN2 


Input Current (A, B) 


V C c = 0V or 5.25V 


V, N = 12V 


+ 1.0 


mA 




V, N = -7V 


-0.8 


mA 


Vth 


Differential Input Threshold Voltage for Receiver 


-7V<V CM <12V 


-0.2 


+0.2 


V 


AV TH 


Receiver Input Hysteresis 


V CM = 0V 


70 


mV 


V H 


Receiver Output High Voltage 


l = -4mA,V| D = +0.2V 


3.5 


V 


Vol 


Receiver Output Low Voltage 


l = +4mA,V| D = -0.2V 


0.4 


V 


'OZR 


Three-State Output Current at Receiver 


V C c = Max 0.4V <V < 2.4V 


±1 


HA 


'cc 


Supply Current 


No Load; D = GND, 
or V C c 


Outputs Enabled 


300 500 


HA 




Outputs Disabled 


300 500 


HA 


RlN 


Receiver Input Resistance 


-7V<V CM <+12V 


12 


kn 


'0SD1 


Driver Short Circuit Current, Vout = High 


-7V<V <+12V 


250 


mA 


bsD2 


Driver Short Circuit Current, Vout = Low 


-7V<V <+12V 


250 


mA 


'OSR 


Receiver Short Circuit Current 


OV<V <V CC 


7 


85 


mA 


loz 


Driver Three-State Output Current 


V = -7Vto12V 


±2 ±200 


MA 
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LTC491 



swiTcmnG cHnnncTCRisTics 



Vcc = 5V ±5%, 0°C < Temperature < 70°C (Notes 2 and 3) unless otherwise noted. 








SYMBOL 


PARAMETER 


CONDITIONS 


MIN TYP 


MAX 


UNITS 


tpLH 


Driver Input to Output 


R D iff = 54^,Cli=Cl2 = 100pF 
(Figures 2, 5) 


10 28 


60 


ns 


tpHL 


Driver Input to Output 


10 28 


60 


ns 


tSKEW 


Driver Output to Output 


5 


ns 


tr.tf 


Driver Rise or Fall Time 


5 15 


25 


ns 


tzH 


Driver Enable to Output High 


C L = 100pF (Figures 4, 6) S2 Closed 


40 


70 


ns 


ta. 


Driver Enable to Output Low 


C L = 100pF (Figures 4, 6) S1 Closed 


40 


70 


ns 


tLZ 


Driver Disable Time From Low 


C L = 1 5pF (Figures 4, 6) S1 Closed 


40 


70 


ns 


tHZ 


Driver Disable Time From High 


C L = 15pF (Figures 4, 6) S2 Closed 


40 


70 


ns 


tpLH 


Receiver Input to Output 


R D lFF = 54Q ) C L1 = C L 2 = 100pF 
(Figures 2, 7) 


40 70 


150 


ns 


tpHL 


Receiver Input to Output 


40 70 


150 


ns 


tSKD 


1 tpLH - tpHL 1 Differential Receiver Skew 


13 


ns 


tzL 


Receiver Enable to Output Low 


C L = 15pF (Figures 3, 8) S1 Closed 


20 


50 


ns 


tzH 


Receiver Enable to Output High 


C L = 15pF (Figures 3, 8) S2 Closed 


20 


50 . 


ns 


tLZ 


Receiver Disable From Low 


C L = 15pF (Figures 3, 8) S1 Closed 


20 


50 


ns 


tHZ 


Receiver Disable From High 


C L = 15pF (Figures 3, 8) S2 Closed 


20 


50 


ns 



Note 1: "Absolute Maximum Ratings" are those beyond which the safety 

of the device cannot be guaranteed. 

Note 2: All currents into device pins are positive; all currents out of device 



pins are negative. All voltages are referenced to device ground unless 

otherwise specified. 

Note 3: All typicals are given for Vcc = 5V and Temperature = 25°C. 



pin Funcnons 

NC (Pin 1): Not Connected. 



R (Pin 2): Receiver output. If the receiver output is enabled 
(REB low), then if A > B by 200mV, R will be high. If A < B 
by 200mV, then R will be low. 

REB (Pin 3): Receiver output enable. A low enables the 
receiver output, R. A high input forces the receiver output 
into a high impedance state. 

DE (Pin 4): Driver output enable. A high on DE enables the 
driver outputs, A and B. A low input forces the driver 
outputs into a high impedance state. 

D (Pin 5): Driver input. If the driver outputs are enabled 
(DE high), then A low on D forces the driver outputs A low 
and B high. A high on D will force A high and B low. 



GND (Pin 6): Ground Connection. 

GND (Pin 7): Ground Connection. 

NC (Pin 8): Not Connected. 

Y (Pin 9): Driver output. 

Z (Pin 10): Driver output. 

B (Pin 11): Receiver input. 

A (Pin 12): Receiver input. 

NC (Pin 13): Not Connected. 

Vcc (P«" 14): Positive supply; 4.75V < V C c < 5.25V. 
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typical P€RFonmnnc€ CHnRncTemsTics 



Driver Output High Voltage vs 
Output Current T A = 25°C 



12 3 4 

OUTPUT VOLTAGE (V) 

LTC491-TPC01 



Driver Differential Output Voltage vs 
Output Current T A = 25°C 
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OUTPUT VOLTAGE (V) 

LTC491 • TPC02 



Driver Output Low Voltage vs 
Output Current T A = 25°C 
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OUTPUT VOLTAGE (V) 



LTC491 • TPC03 



TTL Input Threshold vs Temperature 
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Supply Current vs Temperature 
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LTC491 • TPC04 



LTC491 • TPC05 



50 100 

TEMPERATURE (°C ) 



LTC491 • TPC06 



Driver Differential Output Voltage vs 
Temperature Rq = 54Q 
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Receiver Output Low Voltage vs 
Temperature at I = 8mA 
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T€ST CIRCUITS 



ry 



Figure 1 . Driver DC Test Load 



LTC491 




DRIVER ^> Rqiff^ j—h » 



=p CL1 Li 




RECEIVER > f R 
15pF 



Figure 2. Driver/Receiver Timing Test Circuit 
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OUTPUT " 
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O^0--A/V\r-V cc 
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UNDER TEST " 
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f-VWr-H* 



S2 



~L 



Figure 3. Receiver Timing Test Load 



Figure 4. Driver Timing Test Load 
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swiTcmnG Time lunvcFonms 
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Figure 5. Driver Propagation Delays 
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Figure 6. Driver Enable and Disable Times 
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Figure 7. Receiver Propagation Delays 
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Figure 8. Receiver Enable and Disable Times 
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LTC491 



Typical Application 

Atypical connection of the LTC491 is shown in Figure 9. 
Two twisted pair wires connect up to 32 driver/receiver 
pairs for full duplex data transmission. There are no 
restrictions on where the chips are connected to the wires, 
and it isn't necessary to have the chips connected at the 
ends. However, the wires must be terminated only at the 
ends with a resistor equal to their characteristic imped- 
ance, typically 1 20Q. The input impedance of a receiver is 



typically 20kQ to GND, or 0.6 unit RS-485 load, so in 
practice 50 to 60 transceivers can be connected to the 
same wires. The optional shields around the twisted pair 
help reduce unwanted noise, and are connected to GND at 
one end. 

The LTC491 can also be used as a line repeater as shown 
in Figure 1 0. If the cable length is longerthan 4000 feet, the 
LTC491 is inserted in the middle of the cable with the 
receiver output connected back to the driver input. 




LTC491-TA10 



Figure 9. Typical Connection 




ii Ub-! X T* 



LJ ^-] A A' 



DATA OUT 



Figure 10. Line Repeater 
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LTC1485 



Differential Bus Transceiver 



n Low Power: Ice = 1 -8mA Typ. 

n 28ns Typical Driver Propagation Delays with 4ns 

Skew 
R Designed for RS485 or RS422 Applications 
n Single 5V Supply 
n -7V to 12V Bus Common Mode Range Permits ±7V 

Ground Difference Between Devices on the Bus 
n Thermal Shutdown Protection 
u Power-Up/Down Glitch-Free Driver Outputs 
n Driver Maintains High Impedance in Three-State or 

with the Power Off 
n Combined Impedance of a Driver Output and 

Receiver Allows up to 32 Transceivers on the Bus 
n 60mV Typical Input Hysteresis 
° Pin-Compatible with the SN75176A, DS75176A, and 

SN75LBC176 

fillPPILBCRnrD@(fllS 

n Low Power RS485/RS422 Transceiver 
n Level Translator 



The LTC1485 is a low power differential bus/line trans- 
ceiver designed for multipoint data transmission standard 
RS485 applications with extended common mode range 
(12V to -7V). It also meets the requirements of RS422. 

The CMOS with Schottky design offers significant power 
savings over its bipolar counterpart without sacrificing 
ruggedness against overload or ESD damage. 

The driver and receiver feature three-state outputs, with 
the driver outputs maintaining high impedance over the 
entire common mode range. Excessive power dissipation 
caused by bus contention or faults is prevented by a 
thermal shutdown circuit which forces the driver outputs 
into a high impedance state. 

The receiver has a fail-safe feature which guarantees a 
high output state when the inputs are left open. 

Both AC and DC specifications are guaranteed from - 40°C 
to 85°C and 4.75V to 5.25V supply voltage range. 



wpoohil imnOTOtni 



DE 5V 



5V DE 




xxxx 



4000 FT 24 GAUGE TWISTED PAIR 
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nssoLUTc maximum rrtihgs 

(Note 1 ) 

Supply Voltage (V C c) 12V 

Control Input Voltages -0.5V to V C c + 0.5V 

Control Input Currents - 50mA to 50mA 

Driver Input Voltages -0.5V to V C c + 0.5V 

Driver Input Currents -25mA to 25mA 

Driver Output Voltages ±14V 

Receiver Input Voltages ±14V 

Receiver Output Voltages -0.5V to Vcc + 0.5V 

Operating Temperature Range 

LTC1485C 0°C to 70°C 

LTC1485I -40°C to 85°C 

Storage Temperature Range -65°Cto 150°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PflCKflG€/ORD€R inFORmflTIOn 



TOP VIEW 



Dl [T -T y< T| 



GND 



N8 PACKAGE S8 PACKAGE 

i-LEAD PLASTIC DIP 8-LEAD PLASTIC SOIC 

TjMAX = 125°C,e JA =100»C/W(N) 
T JMAX = 150»C,ej A = 15ITOW(S) 



ORDER PART 
NUMBER 



LTC1485CN8 
LTC1485IN8 
LTC1485CS8 
LTC1485IS8 



S8 PART MARKING 



1485 
14851 



DC €l€CTRICm CHRRRCTCRISTICS 

Vcc = 5V ± 5% (Notes 2 and 3), unless otherwise noted. 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN TYP MAX 


UNITS 


VoD1 


Differential Driver Output Voltage (Unloaded) 


lo = 





5 V 




VoD2 


Differential Driver Output Voltage (With Load) 


R = 50ft; (RS422) 

R = 27ft;(RS485) (Figure 1) 


o 




2 
1.5 


5 


V 
V 


AV 0D 


Change in Magnitude of Driver Differential 
Output Voltage for Complementary Output States 


R = 27ft or R = 50ft (Figure 1) 





0.2 


V 


VOC 


Driver Common Mode Output Voltage 


R = 27ft or R = 50ft (Figure 1) 





3 


V 


AIV 0C I 


Change in Magnitude of Driver Common Mode 
Output Voltage for Complementary Output States 


R = 27ft or R = 50ft (Figure 1) 





0.2 


V 


V||\IH 


Input High Voltage 


DI.DE, RE 





2.0 


V 


V|NL 


Input Low Voltage 


DI.DE.RE 





0.8 


V 


>IN1 


Input Current 


DI.DE.RE 





±2 


MA 


•lN2 


Input Current (A, B) 


V cc = 0V or 5.25V, V| N = 12V 
V cc = 0V or 5.25V, V| N = -7V 






1.0 
-0.8 


mA 
mA 


Vth 


Differential Input Threshold Voltage for Receiver 


-7V<V CM ^12V 





-0.2 


0.2 


V 


AV TH 


Receiver Input Hysteresis 


Vcm = 0V 





60 


mV 


V H 


Receiver Output High Voltage 


l = -4mA, V| D = 0.2V 





3.5 


V 


Vol 


Receiver Output Low Voltage 


l = 4mA, V| D = -0.2V 





0.4 


V 


'OZR 


Three-State Output Current at Receiver 


Vcc = Max 0.4V <V < 2.4V 





±1 


MA 


Ice 


Supply Current 


No Load; Dl = GND or Vcc 
Outputs Enabled 
Outputs Disabled 


o 




1.8 2.3 
1.7 2.3 


mA 
mA 


Rin 


Receiver Input Resistance 


-7V<V CM <12V 


u 


12 


kQ 


'0SD1 


Driver Short-Circuit Current, Vqut = High 


-7V<V <12V 





250 


mA 


'0SD2 


Driver Short-Circuit Current, Vqut = Low 


-7V<V <12V 





250 


mA 


Iqsr 


Receiver Short-Circuit Current 


0V<V o <V CC 





7 


85 


mA 
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LTC1485 



swiTcwnG chrrrctcristics 

Vcc = 5V ±5% (Notes 2 and 3), unless otherwise noted. 


SYMBOL 


PARAMETER 


CONDITIONS 


MIN TYP 


MAX 


UNITS 


tpLH 


Driver Input to Output 


R D IFf = 54Q,Cli = Cl2 = 100pF 
(Figures 2 and 5) 





13 28 


50 


ns 


tpHL 


Driver Input to Output 


Rdiff = 54Q, C L 1 = C L 2 = 100pF 

(Figures 2 and 5) 


o 


13 28 


50 


ns 


tSKEW 


Driver Output to Output 


Rdiff = 54Q,C L i = C L 2 = 100pF 
(Figures 2 and 5) 





4 


10 


ns 


tr.tf 


Driver Rise or Fall Time 


Rdiff = 54Q,C L i = C L 2 = 100pF 
(Figures 2 and 5) 





5 15 


25 


ns 


tZH 


Driver Enable to Output High 


C L = 100pF (Figures 4 and 6) S2 Closed 





40 


60 


ns 


tzL 


Driver Enable to Output Low 


C L = 100pF (Figures 4 and 6) S1 Closed 





40 


70 


ns 


tLZ 


Driver Disable Time from Low 


C L = 15pF (Figures 4 and 6) S1 Closed 





40 


65 


ns 


tHZ 


Driver Disable Time from High 


C L = 15pF (Figures 4 and 6) S2 Closed 


o 


40 


60 


ns 


tpLH 


Receiver Input to Output 


Rdiff = 54ft, C L i = C L 2 = 100pF (Figures 2 and 7) 


o 


15 25 


50 


ns 


tpHL 


Receiver Input to Output 


Rdiff = 54ft, C u = C L2 = 100pF (Figures 2 and 7) 





20 30 


55 


ns 


tSKEW 


ItpLH-tpHlJ 

Differential Receiver Skew 


Rdiff = 54ft, C L i = C L2 = 100pF (Figures 2 and 7) 





5 


15 


ns 


tzL 


Receiver Enable to Output Low 


C L = 15pF (Figures 3 and 8) S1 Closed 


o 


30 


45 


ns 


tZH 


Receiver Enable to Output High 


C L = 15pF (Figures 3 and 8) S2 Closed 


o 


30 


45 


ns 


tLZ 


Receiver Disable from Low 


C L = 15pF (Figures 3 and 8) S1 Closed 





30 


45 


ns 


tHZ 


Receiver Disable from High 


C L = 15pF (Figures 3 and 8) S2 Closed 





30 


45 


ns 



The o denotes specifications which apply over the operating temperature 

range. 

Note 1: "Absolute Maximum Ratings" are those beyond which the safety 

of the device cannot be guaranteed. 



Note 2: All currents into device pins are positive; all currents out of device 
pins are negative. All voltages are referenced to device ground unless 
otherwise specified. 
Note 3: All typicals are given for Vcc = 5V and T A = 25°C. 



TYPICAL P€RFORmnnC€ CHflRflCT€RISTICS 



Receiver Output Low Voltage vs 
Output Current at TA = 25°C 




0.5 1.0 1.5 

OUTPUT VOLTAGE (V) 



Receiver Output High Voltage vs 
Output Current at T A = 25°C 



Receiver Output High Voltage vs 
Temperature at I = 8mA 
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typical P€RFonmnnc€ charhctcaistics 



LTC1485 



Receiver Output Low Voltage 
vs Temperature at I = 8mA 



0.9 
0.8 
0.7 
0.6 
0.5 
0.4 
0.3 
0.2 
0.1 




Driver Differential Output Voltage 
vs Output Current at T A = 25°C 



Driver Differential Output Voltage 
vs Temperature at Rl = 54a 

















64 

< 
£ 48 

cc 
cc 

o 32 

i— 
=j 

Q_ 

h- 

E 16 





















2.4 

> 

LU 

O n n 

§ 

o 

> 

g 2.0 

■2. 

LU 

CC 

5 1.8 
1.6 















































































































































































































































































































































































































































-50 -25 25 50 75 100 125 
TEMPERATURE (°C) 



12 3 4 

OUTPUT VOLTAGE (V) 



-50 -25 25 50 75 100 125 
TEMPERATURE (°C) 



Driver Output Low Voltage vs 
Output Current atTA = 25°C 



Driver Output High Voltage vs 
Output Current at T A = 25°C 



TTL Input Threshold vs 
Temperature 
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1485 GM 



Receiver I tpLH-tpHLlvs 
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Driver Skew vs Temperature 
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LTC1485 

pin Funcnons 

PIN 1 (RO) Receiver Output: If the receiver output is 
enabled (RE low), then if A > B by 200mV, RO will be high. 
If A < B by 200mV, then RO will be low. 

PIN 2 (RE) Receiver Output Enable: A low enables the 
receiver output, RO. A high input forces the receiver 
output into a high impedance state. 

PIN 3 (DE) Driver Output Enable: A high on DE enables the 
driver outputs, A and B. A low input will force the driver 
outputs into a high impedance state. 



PIN 4 (Dl) Driver Input: If the driver outputs are enabled 
(DE high), then a low on Dl forces the driver outputs A low 
and B high. A high on Dl will force A high and B low. 

PIN 5 (GND) Ground Connection 

PIN 6 (A) Driver Output/Receiver Input 

PIN 7 (B) Driver Output/Receiver Input 

PIN 8 (V C c) Positive Supply; 4.75V < V cc < 5.25V 



T€ST CIRCUITS 



V0D2 



Voc 

1 




Figure 1. Driver DC Test Load 



Figure 2. Driver/Receiver Timing Test Circuit 
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UNDER TEST J 



500fl 



Cl 



■Vcc 



S2^ 
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Figure 3. Receiver Timing Test Load 



Figure 4. Driver Timing Test Load 
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LTC1485 



3V- 
Dl 1.5V 

ov ^tp LH 



f = 1 MHz; t r < 10ns; t f < 10ns 



v - 



-v 
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Vo 
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• tsKEW 




Figure 5. Driver Propagation Delays 
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Figure 6. Driver Enable and Disable Times 
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Figure 7. Receiver Propagation Delays 



/ >^tV TECHNOLOGY 



2-49 



LTC1485 

sujucHinG Time uinvcFonms 




Figure 8. Receiver Enable and Disable Times 
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Number 4 in a series from Linear Technology Corporation 



November, 1987 



New Developments in RS232 Interfaces 



Robert Dobkin 



New RS232 interface chips have been developed that offer 
significant advantages over older devices such as the 1488 
and 1489. The new RS232 interface ICs improve speed, 
power, voltage supply requirements, and protection over 
older devices. Further, the new chips are easier to use, requir- 
ing fewer external components and may be turned off to a 
"zero" power supply current condition for use in battery pow- 
ered systems. 

The new RS232 drivers are implemented in a monolithic bipo- 
lar technology. A unique output stage was designed that pro- 
vides large output swings, minimizing power supply voltage 
requirements, while retaining outstanding overload protec- 
tion features. The outputs can be driven beyond the power 
supply voltage without drawing excessive current or forcing 
current back into the power supplies. Of course, current limit- 
ing is included to protect against short circuit conditions. 

Initial consideration of technologies for implementing RS232 
interfacing might include CMOS as a possible technology for 
this type of application. Power supply requirements are low, 
output voltage swing is high, and higher voltage CMOS tech- 
nologies are available to allow operation up to ± 15V. Con- 
sideration of some of the problems associated with CMOS 
decreases its attractiveness for RS232 drivers. 

Inherent in the CMOS structure, are diodes between the drain 
and source of the CMOS devices and the power supplies as is 
shown in Figure 1. A requirement of RS232 interfaces is the 
ability to withstand voltage applied to the output pins. With a 
CMOS output stage this is achieved with the inclusion of a 
300Q resistor in series with the output. (The resistor is similar 
to the resistors included in older drivers.) It protects the inter- 
face chip, but still allows damage to other devices powered 
by the same supply. 

A problem occurs when the output of a driver which is pow- 
ered from the 5V logic supply is connected to an external 12V 
or 15V source as is allowed by the RS232 specification. Ex- 



ternal current flows through the 30012 limiting resistor, 
through the diodes, which are a part of the CMOS structure, 
and into the power supply. This forces the power supply to 
12V or 15V damaging the 5V logic that is connected to the 
supplies. This problem can even cause latchup if the logic 
supply is off when external RS232 signals feed voltage into 
the supply. This problem did not usually exist in the past, be- 
cause the RS232 interfaces were powered by separate ± 12V 
supplies. 

ESD damage is probably the most frequent cause of failure of 
interface chips. Bipolar devices are relatively rugged but still 
can be damaged by ESD. System requirements for ESD may 
be as high as 20kV. No IC can withstand that much voltage 
without external protection. 

A requirement of the RS232 specification is the ability to 
withstand ±25V input signals. The CMOS LTC1045 which is 
used as an RS232 receiver has been designed to operate with 
external resistors in series with the input. These resistors 
allow very large voltage swings at the input pins and provide 
ESD protection to the IC. Using on-chip resistors precludes 
the use of the optimum ESD protection structures, so CMOS 
devices may be more sensitive to ESD destruction at their 
inputs. 



DRIVE 
CIRCUITRY" 




Figure 1. CMOS Line Driver Showing Parasitic Diodes to the Power 
Supplies 
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The output stage of the bipolar drivers is shown in Figure 2. 
Opposed collector NPN and PNP transistors give the widest 
possible output swings. The PNP transistor will swing to 
within 200mV of the positive supply while the NPN transistor 
with its associated Schottky diode will swing within about 
900mV of the negative supply. If the output voltage is forced 
above the positive supply the emitter base junction of the 
PNP transistor reverse biases, and no current flows into the 
supply. The device is unaffected by external voltage up to the 
breakdown voltage of the transistor. If the output is forced 
below the negative supply, the Schottky diode reverse biases 
and prevents external current flow into the chip. Capacitor C1 
is used to control the output slew rate so that no frequency 
compensation components are required to meet the RS232 
specification of 4V//is to 30V//iS. 

Typically the slew rate of these drivers is about 8-10V//*s. This 
allows them to be used successfully up to about 64k baud. 
The output slew rate of the bipolar drivers is well controlled 
by an internal capacitor and relatively independent of load re- 
sistance or capacitance. The bipolar receiver is rela- 
tively straightforward utilizing a level detector with hystere- 
sis to set the trip point. Nominally the trip point is set at 
about 1.5V with 200mV of hysteresis. The receivers go into a 
high output state with an open input. The receivers outputs 
are both TTL and CMOS compatible. 

A recent advance in the drivers and receivers is on-chip 
power supply generation. Devices like the LT1080 and LT1081 
include an oscillator, capacitive voltage doubler, and capaci- 
tive inverter to generate ±9V from the 5V power supply. The 
charge-pump power supply generator requires only four tyF 
capacitors to generate RS232 communication levels from a 
5V logic supply. Figure 3 shows a typical hook-up for the 
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LT1080. The on-chip power supply generators generate ex- 
cess power over the LT1080 requirements, so anotter RS232 
communication device such as the LT1039 can be powered 
from the same power supply generator. Table 1 gives typical 
performance of all Linear Technology driver/receiver devices 
for RS232 communication. 
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Figure 3. 5V Powered RS232 Driver/Receiver 



Table 1 . New Drivers and Receivers 



Figure 2. New Bipolar Driver Output Stage 
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Extending the Applications of 5V Powered RS232 Transceivers 



High Speed Operation 

Although the EIA RS232 specification is for a relatively slow 
communications protocol, many applications require RS232 
transceivers to operate at higher frequencies. Devices such 
as the LT1080, LT1081, and the LT1 130 series share a common 
design for the drivers and receivers and are capable of 
operating over 100 kilobaud. 

Although the slew rate is controlled for all of the Linear 
Technology series of RS232 communications devices, for 
output levels limited to ±6V the transition time is fast 
enough to allow high baud rates. With a slew rate of approxi- 
mately 10V per microsecond, it only takes 1.2 microseconds 
for a 12V excursion. The two photos (Figure 1 and Figure 2) 
show the output waveform and delay associated with a 
75kHz square wave input and a 100kHz square wave. Delay 
times are in the order of 0.5 microseconds and the total slew 



time is approximately 1.2 microseconds. Output load is 3k. 
Receivers are much faster and can handle these baud rates 
with no problem. For higher communication rates, a differen- 
tial signal is recommended. 

Power Supply Tricks 

The power supply generator on 5V powered devices is a 
charge pump circuit which generates approximately ±9V 
from a single 5V supply. Parallel operation of the supply 
charge pumps for 5V powered transceivers is easily achieved 
to minimize component count. The positive and negative sup- 
ply have approximately fyF of holding capacitance for 
energy storage. If several devices with charge pumps are 
used in the same system, the output supplies may be paral- 
leled into a single pair of common energy storage capacitors. 
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Figure 1. Operation at 75kHz 



Figure 2. Operation at 100kHz 
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Figure 3 shows two LT1080's with common power supply 
capacitors for energy storage. Twice the output current is 
available for external use. This eliminates two capacitors 
from the system. Individual charge pump capacitors are still 
needed on each of the devices. 

Operation with +5Vand + 12V Supplies 

The charge pump circuitry takes the input 5V and doubles it. 
The doubled voltage is then inverted to obtain a negative out- 
put. The only reason for doubling the input is to ensure 
adequate positive and negative output voltage to meet RS232 
specifications. In PC systems, where +12V is available, the 
internal voltage doubler does not need to be used. The device 
may be connected directly to a +5V and a + 12V supply. The 
+ 12V is then inverted to obtain approximately -11V. This 
eliminates one charge pump capacitor and one holding 
capacitor for the 12V output. Figure 4 shows an LT1080 con- 
nected to a 12V and 5V power supply. The + 12V is connected 
into one of the charge pump capacitor pins rather than the 
12V output pin. Supply current also decreases to about 9mA. 
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Figure 4. Operation with + 12V and +5V Supplies 
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For literature about our complete line of RS232 
products, call 800-637-5545. For help with an 
application, call (408) 432-1900, Ext. 357. 
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Hex Level Shift Shrinks Board Space 

Brian Huffman 



Although simple in concept, interfacing digital levels be- 
tween different logic families usually requires many parts 
and appreciable board space. Other applications that require 
some form of level shifting of the output swing have solu- 
tions just as complicated. A logic to CMOS analog switch 
(Figure 1) is just one example where a level shift must occur. 
A new device, the LTC1045, solves this and other level shift 
related problems conveniently. The LTC1045 is a hex level 
translator with a linear comparator on the front end. A latch 
and three-state output buffer are at the back. These features 
make it useful in other applications as a hex comparator or in 
interfacing to a data bus. Almost any input and output volt- 
age requirements can be accommodated by simply setting 
the level of the appropriate power supply voltages. 

The LTC1045 consists of six high speed comparators with 
output latches and three-state capability (see Figure 2). Each 
comparator's non-inverting input is brought out separately. 
The inverting inputs of comparators 1-4 are tied to Vjripi 
and 5-6 are tied to Vjrip2- With these inputs the switching 
point of the comparators can be set anywhere within the 



common-mode range of V~ to (V + -2V). There are four 
power supply pins on the LTC1045: V + , V" , Voh and Vol V + 
and V" power the comparator's front end, and Voh and Vol 
power the output drivers. Almost any combination of power 
supply voltages can be used. There are three restrictions: 
Voh must be less than or equal to V + ; there must be a mini- 
mum differential voltage of 4.5V between V + and V" and 3V 
between Voh and Vol The maximum voltage between any 
two pins must not exceed the 18V absolute maximum. 

The supply current is programmed with an external resistor. 
The Rset resistor allows trade-offs between speed and 
power consumption. The propagation delay, with the Iset pin 
at V" and a single 5V supply, is typically 100ns with a total 
supply current of 4.5mA. The quiescent current can be 
brought down to 100/iA (15 microamps per comparator) with 
an Rset of 1 M and a propagation delay of only 1.2/is. In addi- 
tion, the Iset pin completely shuts off power and latches the 
translator output voltages. The DISABLE input sets the six 
outputs to a high impedance state allowing the LTC1045 to 
be interfaced to a data bus. 
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Figure 1. TTL/CMOS Logic Levels to ± 5V Analog Switch Driver 
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Figure 3 shows a simple way to build a battery powered 
RS232 receiver. The input voltage may be driven ±30V with- 
out adverse effects because the 100k resistor prevents de- 
vice damage. With a 1M Rset the hex RS232 line receiver 
draws only 100jiA of quiescent current and has a propagation 
delay of 1 .2/*s. Only a single supply is needed for operation. 

Board space can be saved by using the LTC1045 level transla- 
tor as a hex comparator - even though both comparator in- 
puts are not available. Figure 4 shows the LTC1045 used as a 



power supply monitor. The outputs of three power supplies 
are tied to the positive inputs through an appropriate resis- 
tive voltage divider. The divider ratio is set so that the voltage 
into the comparator equals the reference on the inverting in- 
put when the power supply voltage is at a critical level. 




Figure 3. RS232 Receiver 
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Figure 2. LTC1045 Block Diagram 



Figure 4. Power Supply Monitor 



For literature on the LTC1045, call 800-637-5545. 
For applications help, call (408) 432-1900, Ext. 361. 
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Design Considerations for RS-232 Interfaces 

Sean Gold 



Introduction 

When designing an RS-232 interface, it is necessary to con- 
form to standards published by the Electronics Industry 
Association, EIA RS-232.V28. Some key specifications are 
summarized in Table 1. However, the EIA specifications are 
often just the beginning of the design. Practical problems 
such as generating RS-232 signal levels, providing sufficient 
load drive, and ensuring protection against fault conditions 
must also be considered. 



Table 1. Key RS-232 Transceiver Specifications (EIA RS232C.V28) 



SPECIFICATION 


VALUE 


UNITS 


Signal Levels 


±15 Max; ±5Min 


V 


Cable Length 


50 Max 


Ft 


Load Capacitance 


2500 Max 


PF 


Cable Termination 


3k<R<7k 


n 


Data Rate 


20k Max 


Baud 


Slew Rate 


3<SR<30 


V/,iS 


Fault Conditions 


Drivers Must Tolerate: 
* Conductor to Conductor 
Shorts 


- 




* Line Open Circuit 


- 




* ± 25V Line Overvoltage 


- 



Power Supply Generators 

Creating the separate RS-232 voltage levels is a common 
problem in systems which have only a 5V logic supply. Linear 
Technology has developed a family of transceivers that in- 
clude an on-chip charge pump to generate the RS-232 sup- 
plies. These transceivers are available in a wide variety of 
configurations incorporating up to 5 drivers and 5 receivers. 
Some transceivers have a SHUTDOWN control which turns 
off the charge pump and places the drivers in a "zero" 
power-high impedance state. 



The charge pump consists of a relaxation oscillator, a capaci- 
tive voltage doubler, and a capacitive voltage inverter. The os- 
cillator is designed to operate at a frequency well above the 
signal frequencies to avoid supply degradation as charge is 
rapidly removed from the storage capacitors. 

The LT1180/LT1181's charge pump oscillator operates at ap- 
proximately 200kHz, which is two times the frequency of the 
LT1080 and LT1130 series transceivers. The faster oscillator 
permits the use of low value capacitors (C>0.fyF), and 
shortens the turn-on time from power off or SHUTDOWN 
state to less than 200/is. The LT1080 and LT1130 start up in 
approximately 2ms. 

Load Driving 

It is often desirable to exceed the 20kHz data rate or drive 
loads greater than 2500pF, e.g. long cables. Slew rate control 
in the drivers makes this objective possible without compro- 
mising the remaining specifications. When lightly loaded, the 
slew rate is set by an internal bias current and compensation 
capacitor. When heavily loaded, slew rate is limited by the 
output stage short circuit current and the load capacitance. 
The plot in Figure 1 shows the maximum load capacitance 
for a given data rate. 
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Figure 1. Max Load Capacitance vs Data Rate. Both Transceivers I 
1.0/iF Storage Capacitors. 
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RS232 Receiver Signals 



Figure 2. 2500V Isolated 5-Driver/5-Receiver RS232 Transceiver 



Fault Conditions 

In addition to protecting against all of the fault conditions de- 
scribed in Table 1, LTC transceivers are guaranteed for 
latchup free operation. When the drivers are turned off or 
SHUTDOWN, the output stage becomes a high impedance; 
even when the output is pulled beyond the supply rails. The 
small current produced by overvoltage is not directed back 
into the supplies. High impedance on the driver outputs also 
eliminates signal feedthrough between the logic inputs and 
the RS-232 lines. 

When the device is turned on, overvoltage can, at most, pull 
the limited short circuit current from the supplies. The re- 
ceivers are also short circuit current limited to prevent dam- 
age to unprotected logic circuitry. 

Isolated Transceiver 

The most frequent cause of failure in interface chips is expo- 
sure to extreme fault conditions. Protection against large 
differences in ground potential, high ground loop currents, 
or accidental high voltage connections mandates a fully 
isolated transceiver. 

The circuit in Figure 2 provides 2500V isolation with optically 
coupled data lines and an isolated 5V supply. A powered 



transceiver eliminates the need for three supplies on both 
sides of the isolation transformer. High speed 6N136 opto- 
couplers permit the LT1130 to operate at its full 100kHz band- 
width. However, slower, less expensive optoisolators, such as 
the 4N28, may be used when the data rate is less than 20k 
baud. The 5V power supply is generated with an isolated 
LT1072 switching regulator. The LT1072 has no electrical con- 
nection to the load; instead, the circuit derives its feedback 
from the transformers flyback voltage. This technique is of- 
ten referred to as an isolated flyback regulator 1 . The regula- 
tor needs to deliver only modest current levels (200mA max), 
allowing a physically small isolation transformer. The circuit 
accepts 3.5V to 15V unregulated inputs which are readily 
available in most systems. Load regulation is 5% over a 
200mA range of output current (50mA-250mA), and efficiency 
reaches 60% under maximum load conditions. Efficiency 
may be improved by 10% if the 3.6kfi snubber resistor is re- 
placed with a 30V Zener diode. Q1 provides shutdown 
control, which disables the interface to a low power state. 

Note 1: Refer to Linear Technology's Application Note 19, pp. 30-34. 



For literature on RS-232 products, call (800) 637-5545. 
For applications help, call (408) 432-1900, Ext. 453. 
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A Single Supply RS232 Interface for Bipolar A to D Converters 

Sean Gold 



Designing circuitry for single supply operation is often an at- 
tractive simplification for reducing production costs. Yet 
many applications call for just a few additional supplies to 
solve simple interface problems. The example presented here 
describes how an advanced RS232 interface can simplify an 
A to D converter which processes bipolar signals. 

The LT1180 RS232 transceiver includes a charge pump which 
produces low ripple supplies with sufficient surplus current 
to drive a CMOS A to D converter and precision voltage refer- 
ence. The circuit in Figure 1 operates from a single 5V supply, 
and draws a total quiescent current of only 37mA. These fea- 
tures make the circuit ideal for applications which must proc- 
ess bipolar signals with minimal support electronics. 

The LTC1094 serial A to D converter requires both a low noise 
supply and reference voltage for accurate operation. 1 These 
design problems are solved with an LT1021 precision refer- 
ence, which delivers a stable, low noise, 5V signal from the 
LT1180's V + output. Relatively large storage and filter capaci- 
tors must be used with the LT1180 to reduce the noise in the 
system below 1mV for a 12 bit system. Construction also re- 



quires close attention to the layout of the system grounds 
and other aspects of circuit board design to avoid noise 
problems. 2 

To accommodate bipolar inputs (-5<V|n<5), the LTC1094's 
negative rail must be biased beyond the extreme signal 
swing, but below absolute maximum ratings for the supplies. 
A 5.6V Zener diode, D1, provides a sufficient bias because 
the V' pin draws very little current. 

The A to D converter communicates with a remote controller 
via three wires, which carry the clock, the configuration word, 
and the output data. The chip select signal, CS, is generated 
from the incoming clock with a peak detector, constructed 
with a single PNP transistor. R and C are designed to hold the 
CS pin low for at least one clock period. Assuming the logic 



Note 1: Refer to the data sheets for the LTC1094/LTC1294. 
Note 2: An excellent reference on the subject of grounding and low 
noise circuit design is: "An IC Amplifier User's Guide to Decoupling, 
Grounding, and Making Things Go Right for A Change," by Paul 
Brokaw, Analog Devices Application Note. 
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Figure 1. A/D Converter Interface 
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threshold in the LTC1094 is 1.4V, two useful rules of thumb 
for selecting R and C are: Design RC to be at least four times 
the clock period. And select C as small as possible to start 
the converter quickly. Minor aberrations in the CS signal are 
unimportant because the CS pin is level sensitive. The PNP is 
biased from the clean reference supply so very little noise is 
coupled into the A to D. Additional buffers are unnecessary 
because the peak detector drives a CMOS input. 

The operating sequence for the LTC1094 is shown in Figure 2. 
The CS signal switches to a low state less than fys after 
receiving the system clock, and the configuration word may 
be transmitted after one clock cycle. After the 18 clock cycles 
required to complete the conversion, the clock must shut off 



to allow CS to switch to a high state for at least 2/*s - the 
minimum time between conversions. The operating se- 
quence may then be repeated. 

A single conversion cycle is shown in Figure 3. The LT1180's 
maximum data rate limits the clock speed to 100k baud. The 
input voltage is 3.33V which generates a bit pattern of al- 
ternating 1's and 0's. Trace B shows the Chip Select signal, 
and Trace C shows the gating pulse for the system clock. The 
complete conversion cycle for a 12-bit converter using an 
LTC1294 is listed in Figure 4. For this example, the gating 
signals are adjusted to allow for the two extra bits of data. 3 

Note 3: The LTC1094 in Figure 1 was directly replaced with an 
LTC1294, with no changes to the circuit. 
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Figure 2. LTC1093/4 Operating Sequence Example: Differential Inputs (CH4 + , CH5 - ), Bipolar Mode 
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Figure 3. 10 Bit Converter Interface 



Figure 4. 12 Bit Converter Interface 



For literature on RS232 products, call (800)637-5545. 
For applications help, call (408) 432-1900, Ext. 456. 
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RS232 Transceiver with Automatic Power Shutdown Control 



Sean Gold 

The LT1 180/81 RS232 transceivers with on-chip charge 
pumps offer some unique features that greatly enhance 
serial interface performance. Like the LT1080 and LT1130 
series transceivers, the LT1180 is fully compliant with all 
RS232 specifications. The LT1180 is unique since it utilizes a 
charge pump which oscillates at 150kHz to 200kHz - about 
twice the frequency of the standard transceivers. In addition 
to providing excellent current delivery capability, the high 
speed charge pump can operate with storage capacitors as 
small as 0.1/iF. 

Reducing storage capacitor size to 0.1/iF shrinks board 
space, thereby lowering production costs. Small capacitors 
also shorten the transceiver turn-on time to less than 200/*s, 
which makes the LT1180 ideal for applications which must 
address the RS232 transceiver quickly. The interface de- 



scribed here takes advantage of fast turn-on to reduce power 
dissipation. 

The circuit shown in Figure 1 automatically shuts down when 
there is no data flow through the interface. A data stream on 
either the RS232 or logic inputs activates the transceiver. The 
data must begin with a logic 1 preamble, and the data stream 
must contain a sufficient number of 1's to keep the trans- 
ceiver active. The preamble may be as short as 50/is. Al- 
ternatively, the input to the Automatic SHUTDOWN circuit 
could be an RS232 handshake signal, such as Data Set 
Ready (DSR) or Clear to Send (CTS), which remain high during 
the data transfer. The LT1180's 200/is turn-on delay does not 
limit the data rate in the transceiver. Once the LT1180 is ac- 
tive, it can process data at the maximum 100k baud data rate. 
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T= RC = 2«T D rop OUT FOR TH IS EXAMPLE, R = 100KQ AND C = 1 M F. 
C SHOULD NOT EXCEED 1 M F UNLESS THE 2N3904 CURRENT LIMITED 
WITH A COLLECTOR RESISTOR 

Figure 1. Fast Turn-On Transceiver with Automatic SHUTDOWN Control 
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A peak detector senses data flow. The extra CMOS gates are 
buffers which ensure the time constant is relatively indepen- 
dent of input signal level. The drop out time, i.e. the duration 
of inactivity prior to SHUTDOWN, is approximately 0.5RC. 
More specifically, drop out occurs when the voltage on the 
peak detector decays from Vcc-0.7V to the logic switch 
point of Vcc/2. The RS232 input to the control circuit is 
clamped to protect the logic inputs. The zener diode, D3, 
forces the turn-on threshold on the RS232 side to -3.5V, 
which prevents the transceiver from turning on when the ca- 
ble is grounded. 



Figures 2 through 4 demonstrate the automatic SHUTDOWN 
control's response to logic and RS232 signals, as well as zero 
data flow. The minimum pulse width is 50/is and the drop out 
time is set to 50ms. The power supply outputs - the lower 
two traces in Figures 2 and 3 - become active in less than 
200/is. When active, the circuit consumes 16mA of quiescient 
current. In SHUTDOWN state, the Q-current drops to 50/A 
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Figure 2. Transceiver Turn-On Via 
Logic Input 
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Figure 4. SHUTDOWN After 50ms 
Without Data Transmission 



For literature on our interface products, call 
(800) 637-5545. For help with an application, call 
(408) 432-1900, Ext. 445. 
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Active Termination for SCSI-2 Bus 

Sean Gold 
Overview of SCSI-2 

The SCSI-2 bus 1 is an interface for computers and instru- 
mentation that communicate over small distances - often 
within the same cabinet. Like GPIB (IEEE 488), SCSI's hard- 
ware and software specifications are designed to coordinate 
independent resources such as disk and tape drives, file 
servers, printers, and other computers. SCSI-2 is a bidirec- 
tional bus, which must be terminated at both ends to 2.85V 
(Figure 1). The terminators are needed because SCSI-2 uses 
simple open collector output drivers in its transceivers. 
Terminators link communicating devices to the supplies, and 
roughly match the transmission line's characteristic 
impedance. When the load to the bus increases, the role of 
the termination network becomes more important for main- 
taining signal integrity at high data rates. An active termi- 
nation design is now a part of the SCSI-2 standard and is 
presented here in-depth. 

The single ended SCSI-2 bus is limited to six meters in 
length, and supports variable speed communication up to 5M 
transfers/sec. The bus nominally uses 18 data lines which de- 
fines the loading requirements for the terminators, because 
each output driver can sink at most 48mA. Up to eight SCSI 



Note1:SCSI-2 = Small Computer System Interface Version 2, pro- 
nounced "Scuzy-2." The complete specifications standard is avail- 
able through ANSI #X3T9.2. 



devices can access the bus at regular distances along the ca- 
ble. Any two devices can terminate the cable, but bit error 
rates are minimized with the terminators attached only at the 
ends. Local capacitive loading is low under these conditions, 
making the transmission line more consistent with fewer 
discontinuities. 

SCSI-2's key specifications are repeated from the ANSI 

standard in Table 1. 

Table 1. Single Ended SCSI-2 



PARAMETER 


VALUE 


COMMENTS 


Termination Supply 


4.25<TERMPWR< 
5.25 


0.9A Typical 
1.5A Worst Case 


Logic Supply 


V OUT =2.85V@0.5A 
2.6<V OUT <2.9 


Per Terminator 


Data Rate 


5M Transfers/Sec. 


Six Meters Max. 


Cable Impedance 


11012 
80<Z <140 


Nominal 


Transceivers 


TTL Compatible 


Negative True Logic 
5V = 0,0V = 1 


Signal Levels 


0<V OL <0.5 
2.5<V OH <5.25 

V| L <0.8 
2.0<V, H 
0.2 < Hysteresis 


-0.4mA<l| L <0mA 
0.0mA<l| H <0.1mA 


Short Circuit Current 


48mA/Transceiver 


Based on Old TTL Spec 
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Figure 1. Global View of the SCSI-2 Bus 
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Shortcomings of Passive Terminators 



The resistive voltage divider shown in Figure 2 is commonly 
used to terminate the SCSI bus. Multiple power sources are 
allowed to connect to the SCSI cable. Each source is pro- 
tected with a Schottky diode to prevent damage from reverse 
currents.The resulting termination powersignalJERMPWR, 
is not well regulated — subject to variations in source sup- 
plies and protection diodes, as well as ohmic losses. Unfor- 
tunately, these changes in TERMPWR translate directly to 
the bus through the resistive divider, which degrades noise 
margins. 




Figure 2. Passive Termination 

The low values for R1 and R2 reflect a compromise between 
driver sink current and impedance matching the signal lines. 
Normally, high resistances would be desirable to minimize 
driver sink current. Yet, the terminator should match the 
signal line's 110Q characteristic impedance, and the bus's 
quiescent state must be above the TTL logic threshold. It is 
not possible to meet all of these objectives simultaneously. 



The SCSI standard suggests R1 = 220ft and R3 = 330Q. The 
resulting bus voltage is 3V with 132Q impedance, which is 
mismatched to the nominal 11 Oft cable impedance. The 
Schottky diode aggravatesthe mismatch because itpresents 
a poor AC ground. In addition to these problems, the small 
resistors draw 300mA Q-current fromTERMPWR, assum- 
ing 18 signal lines with the bus inactive. 

Active Terminators 

The active terminator shown in Figure 3 uses an 
LT1 11 7-2.85 low dropout regulator to control the logic 
supply. The LT1117's line regulation makes the output 
immune to variations in TERMPWR. After accounting 
for resistor tolerances and variations in the LT1 1 17's refer- 
ence, the absolute variation in the 2.85V output is only 4 
percent over temperature. When the regulator drops out 
at TERMPWR -2.85V = 1.25V, the output linearly tracks 
the input with a slope of 1 V/V. Signal quality is quite good 
because the 110Q series resistor closely matches the 
transmission line's characteristic impedance, and the 
regulator provides a good AC ground. 

In contrast to the passive circuit, two LT1117s require 
only 20mA quiescent current. For the power levels in this 
application, the LT1117 does not need a heat sink, and 
is available in low cost, space saving, SOT-223 surface 
mount packages. Beyond solving basic signal condition- 
ing problems, the LT1117 handles fault conditions with 
short circuit current limiting, thermal shutdown, and 
on-chip ESD protection circuitry. 
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Figure 3. Active Termination 




For literature on linear regulators, call (800)637-5545. 
For applications help, call (408) 432-1900, Ext. 209. 
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RS232 Transceivers for Hand Held Computers 

Withstand lOkV ESD - Design Note 64 
Sean Gold 



Battery-powered computers and instrumentation are often 
subjected to severe electrical stress which imposes some 
stringent demands on serial communication interfaces. As 
always, operating from a battery mandates minimal power 
consumption. Transceivers must also tolerate repetitive 
Electrostatic Discharge (ESD) pulses because cable connec- 
tions frequently come in contact with humans and other 
charged bodies. 

Linear Technology's LT1237 addresses the above require- 
ments. The LT1237 is a complete RS232 port, with three 
drivers, five receivers and a regulated charge pump. Supply 
cu rrent is typically 6mA, but the device can be shut down with 
two separate logic controls. The driver disable pin shuts off 
thechargepumpandthedriyers-leavingallreceiversactive, 
'supply = 4m A. The ON/OFF pin shuts down all circuitry 
except for one micropower receiver, Isupply = 60|A The 
active receiver is useful for detecting start-up signals. The 
LT1 237 operates up to 1 20kBaud and is fully compliant with 
all RS232 specifications. Connections to the RS232 cable are 
protected with internal ESD structures that can withstand 
repetitive±1 OkVhuman body model ESD pulses. 

Figure 1 shows a typical application circuit. The LT1 237's 
flowthrough pinoutand its ability to usesmall surface mount 
capacitors, helps reduce the interface's overall footprint. 
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Interfacing with 3V Logic 

Hand held computers are rapidly moving to 3V logic to save 
power. Yet higher voltage buses are still utilized elsewhere in 
the system for display driving and other functions. The 
LT1 330 isf unctionally equivalentto the LT1 237 but operates 
from 5Vwithaseparatelogicsupply to interface directly with 
3V logic. (Figure 2) 




R XOUT 



Figure 1. LT1237 Application Circuit 



Figure 2. Receiver Output Stages in the LT1330 are 
Biased From a Separate Logic Supply to Easily Interface 
with 3V Systems 

ESD Protection Techniques 

Even though the I/O pins on the LT1237 and LT1330 are 
protected, a basic understanding of electrostatic discharge, 
its causes and its remedies, is helpful when designing with 
these circuits. 

ESD generated by triboelectric charging of the human body 
is often the most troublesome problem for portable comput- 
ers. 1 Energy imparted during a discharge is usually in the 
form of a rapidly rising high voltage pulse with a slow 
exponential tail. ESD pulses can be modeled with the switch- 
ing circuit shown in Figure 3. ESD contributes frequency 
components well into the GHz range. At such frequencies, 
nearby cables and PC board traces look like receiving 
antennas for ESD noise. 



1 . Triboelectricity is the charge created as a result of friction between bodies. 
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Figure 3. Human Body Circuit Model for ESD Pulses 

Circuit damage from ESD can occur as a result of three 
effects: (1 ) High current heating, which destroys junctions or 
metallization. (2) Intense electromagneticfields, which break 
down junctions or thin oxides. (3) Radiated noise, which 
drives the circuit into invalid or locked up states. 

Any action which eliminates the charge generator, circum- 
vents charge transfer, or enhances the circuit's ability to 
absorb energy, will increase a circuit's tolerance of ESD. 
Eliminating the ubiquitous charge generators and disrupting 
charge transferare difficulttasks because they demand strict 
control of the circuit's operating environment. A more prac- 
tical approach is to limit ESD entry points by shielding the 
circuit's enclosure and covering the RS232 port's connector 
when it is not in use. 

Another practical remedy is to increase a transceiver's ability 
to absorb energy by clamping the RS232 line to ground with 
fast acting avalanche diodes or dedicated transient suppres- 
sors (Figure 4). Discrete suppressors are widely available 
and are extremely effective. Designers are often reluctant to 
use discrete suppressors because they are expensive. Cost- 
ing up to $0.40/pin, they can sometimes exceed the cost of 
the transceiver. 



H> 



ESD 
CLAMP ' 



JVC 



AC COUPLING 
CAPACITORS 



>- 



, ESD 
CLAMP 



Figure 4. Older Interface Designs Used External ESD Clamps 

The LT1237 and LT1330 incorporate the clamps for divert- 
ing ESD energy on chip. These active structures quickly 
respond to positive or negative signals at threshold voltages 
higher than RS232 signals, yet below destructive levels for 
the device. The path of high current flow is through large pn 
junctions which increases the capacity to absorb energy. 

When a discharge occurs, the resulting current flow is 
insignificant when the transceiver is turned off or powered 
down. When operating, the resulting current may debias 
internal circuitry and lock up the circuit. Observations have 
shown these nondestructive errors to be highly dependent 
upon the logical state of the transceiver. Cycling the power 
clears the circuit. 



When very high levels of ESD protection are required, an 
external LC filter (Figure 5) can be used to drop ESD 
energy into a range that can be safely dissipated within 
the transceiver. 
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Figure 5. External LC Filters Provide Protection From Very 
High Levels of ESD Yet Cost Less Than Discrete Supressors 

PC Board Layout 

Energy shunted through an ESD clamp can still cause 
problems if the impedance of the return path is large enough 
to create a sizable voltage drop. Such voltage drops may 
damage unprotected components that share the common 
return line. Including a low inductance ground plane in the 
PC board is therefore essential for good ESD protection. For 
the LT1237 and LT1330, the AC path to ground through V" 
must also be low impedance. Adding a few hundred picofar- 
ads of low ESR capacitance in parallel with the primary 
storage capacitor provides a good AC ground. 

When using discrete transient suppressors or filters, 
place components as close as possible to the connector 
with short paths to the return plane. Make the spacing 
between the circuit board traces as wide as possible. ESD 
pulses can easily arc from one trace to another when the 
spacing between traces is narrow. Arcing occurs slowly 
compared with ESD rise time, so air spark gaps alone will 
not protect circuitry from ESD. Dedicated spark gaps are 
effective for limiting ESD energy when used with addi- 
tional suppression devices. 

Do not float the cable shield with respect to local ground. 
Designers may feel inclined to do this to avoid circulating 
current due to differences in ground potential. Instead, AC 
couple the grounds so they are shorted at ESD frequencies. 

Conclusion 

The techniques described here cannot entirely eliminate ESD 
problems, but understanding ESD's nature and using careful 
circuit design, will help protect against its intrusion. 



For literature on our family of RS232 transceivers, 
call (800) 637-5545. For applications help, 
call (408) 432-1900, Ext. 456 
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LT1030 



Quad Low Power Line Driver 



° Low Operating Voltage ±5V to ±15V 
q 500/iA Supply Current 

□ Zero Supply Current when Shut Down 
n Outputs Can Be Driven ±30V 

□ Output "Open" when Off (3-State) 

□ 10mA Output Drive 

□ Pinout Similar to 1488* 

□ Output of Several Devices can be Paralleled 

□ Available in SO Package 



a RS232 Driver 

a Micropower Interface 

° Level Translator 

* Check compatibility, some pins different 



The LT1030 is an RS232 line driver that operates over a 
±5V to ±15V range on low supply current and can be 
shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of ± 30V by current 
limiting. Since the output swings to within 200mV of the 
positive supply and 1 V of the negative supply, power supply 
needs are minimized. 

A major advantage of the LT1030 is the high impedance 
output state when off or powered down, which allows 
several different drivers on the same bus. 

Our RS232 product line includes other high-performance 
devices. The LT1039 is a triple low-power driver/ 
receiver with shutdown that can be powered from a 5V 
supply. The LT1080 is a 5V powered dual driver/ receiver 
with on-chip ±9V power generator, and shutdown. 



RS232 Line Driver 



Output Swing vs Output Current 
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LT1030 



nfisoiuT€ mnximum rrtirgs 

Supply Voltage ±15V 

LogicJnputPins V" to25V 

On-Off Pin GNDto12V 

Output (Forced) V" +30V, V+ -30V 

Short Circuit Duration (to ±30V) Indefinite 

Operating Temperature Range 

LT1030C 0°Cto70°C 

Guaranteed Functional by Design ... - 25°C to 85°C 

Storage Temperature -65°Cto150°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PfiCKfiG€/ORD€R inFORfllATIOn 



v ~rr 

(-15VT0 -5V)Li 

(Z 

J 

ON-OFF rj 
(0V TO 5V) L2. 
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gnd[7 



TOP VIEW 
-XT" 



n 



J PACKAGE 
14-LEAD CERAMIC DIP 



S PACKAGE 

14-LEAD PLASTIC S 

(.150 "WIDE) 



la (5V TO 15V) 
13] STROBE 

ID 

1 
B 
H 

N PACKAGE 
14-LEAD PLASTIC DIP 



TjMAX = 150«C,e JA = 80°C/W(J) 
Tj MAX = 110°C,e,| A = 130°C/W(N) 
TjMAX=110°C,ej A = 100°C/W(S) 



ORDER PART 
NUMBER 



LT1030CJ 

LT1030CN 

LT1030CS 

FOR MILITARY 

APPLICATIONS 

USE LT1032MJ 



€l€CTRICRl CHRRRCTCRISTICS (Supply Voltage=±5V to ±15V) 


PARAMETER 


CONDITIONS 


MIN TYP 


MAX 


UNITS 


Supply Current 


v on-off^2.4V, Iout = 0, All Outputs Low 


o 


500 


1000 


mA 


Power Supply Leakage Current 


V 0N -off^0.4V 

V ON -OFF^0.1V 


o 


1 
10 


10 
150 


M 
M 


Output Voltage Swing 


Load = 2mA 


Positive 




V+-0.3V V+-0.1V 


V 




Negative 




V-+0.9V 


V + 1.4V 


V 


Output Current 


V SUP pLY ±5Vto ±15V 




5 12 


mA 


Output Overload Voltage (Forced) 


Operating or Shutdown 


o 


V+-30V 


V-+30V 


V 


Output Current 


Shutdown V O ut=±30V 




2 


100 


(JK 


input Overload Voltage (Forced) 


Operating or Shutdown 


o 


v- 


15 


V 


Logic Input Levels 


Low input (V 0UT = High) 
High Input (V ut= Low) 


o 
o 


1.4 
2 1.4 


0.8 


V 
V 


Logic Input Current 


V, N >2.0V 
V| N <0.8V 




2 
10 


20 
20 


«A 


On-Off Pin Current 


0<V, N <5V 




-10 30 


65 


M 


Slew Rate 






4 15 


30 


V/|*S 


The O denotes specifications which apply over the operating Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
temperature range. input impedance is about 2k to ground. Leave open when not used. 



pin Funaions 



PIN 

1 
2,5,9,12 


FUNCTION 

Minus Supply 
Logic Input 


3,6,8,11 
4 


Output 
On-Off 


7 
13 


Ground 
Strobe 



14 



COMMENT 

Operates -2Vto -15V 

Operates properly on TTL or CMOS levels. 
Output valid from (V " + 2V) < V, N < 1 5V. 
Connect to 5V when not used. 

Line drive output. 

Shuts down entire circuit. Cannot be left 
open. For "normally on" operation, con- 
nect between 5V-10V. 
Ground must be more positive than V~ 
Forces all outputs low. Drive with 
3V. 
Positive supply 5V to 15V. 




1N4001 



Note: As with other bipolar ICs, forward biasing the substrate 
diode can cause problems. The LT1030 will draw high current 
from V + to ground if the V ~ pin is open circuited or pulled 
above ground. If this is possible, connecting a diode from V * 
to ground will prevent the high current state. Any low cost diode 
can be used. 
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LT1030 



On Supply Current vs 
Temperature 
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Off Supply Current vs 
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Output Swing vs Temperature 



Slew Rate vs Temperature 
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LT1030 



TYPICAL P€RFORmnnC€ CHflftflCT€ftlSTICS 

On-Off Response Time 



On-Off Response Time 




ON-OFF 
INPUT 



OUTPUT 
(V| N = 0V) 



OUTPUT 
(V| N = 5V) 

ON-OFF 
INPUT 




H = 100/iS/DIV 



H = 10O|iS/DIV 



Output Waveform 



Output Waveform Driving 
Capacitive Load 




H = 2/iS/DIV 




Strobe Pin Response Time 



STROBE f 5V 
INPUT t OV 
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ECHNOLOGY 



LT1032 



Quad Low Power Line Driver 



a Low Operating Voltage ±5V to ± 15V 

a 500/iA Supply Current 

sZero Supply Current when Shut Down 

a Outputs Can Be Driven ±30V 

ei Thermal Limiting 

Output "Open" when Off (Three-State) 

a 10mA Output Drive 

a Pinout Similar to 1488 (See Diagram)* 

mmwmm 

a RS232 Driver 
□ Power Supply Inverter 
a Micropower Interface 
a Level Translator 



' Check compatibility, some pins different 



The LT1 032 is a RS232 and RS423 line driver that operates 
over a ± 5V to ± 1 5V range on low supply current and can 
be shut down to zero supply current. Outputs are fully pro- 
tected from externally applied voltages of ±30V by both 
current and thermal limiting. Since the output swings to 
within 200mV of the positive supply and 600mV of the neg- 
ative supply, power supply needs are minimized. 

Also included is a strobe pin to force all outputs low inde- 
pendent of input or shutdown conditions. Further, slew 
rate can be adjusted with a resistor connected to the 
supply. 

A major advantage of the LT1032 is the high impedance 
output state when off or powered down. 

For applications requiring dual or triple RS232 driver/ re- 
ceiver devices, see the LT1080 (dual) or LT1039 (triple) 
datasheets. 



Output Swing vs Output Current 



RS232 Line Driver 




RESPONSE TIME 

CONTROL* 

INPUT 

OUTPUT 



*N0 CONNECTION NEEDED WHEN NOT USED 
t5V = 0N. 



0.2 
0.4 



1.0 
0.8 
0.6 
0.4 
0.2 
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V 0UT 


L0\A 
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LT1032 

nasoLUTC mnximum nnnnGs 



Supply Voltage ±15V 

Log]c_[nput Pins V~ to 25V 

On-OffPin GNDto15V 

Output (Forced) V" + 30V, V+ -30V 

Response Pin ±6V 

Short Circuit Duration (to ±30V) Indefinite 



Operating Temperature Range 

LT1032M -55°Cto125°C 

LT1032C 0°Cto70°C 

Guaranteed Functional by Design ... - 25°C to 85°C 

Lead Temperature (Soldering, 10 sec) 300°C 



PflCKflG€/ORD€ft IflFORmfiTIOn 



Veeh- 

(-15VT0 -5V)LL 

E 
_E 

ON-OFFrj 
(0V TO 5V) LI 

II 
S 

gnd[7 



TOP VIEW 



n 



^ 
u 



TT1 V CC 

I2J(5VT0 15V) 

13| STROBE 

13 

rr\ RESPONSE 
iHI CONTROL 



u 

Lrll 



J PACKAGE 
14 LEAD CERAMIC DIP 



N PACKAGE 
14 LEAD PLASTIC DIP 



Tjmax = 150°c, e JA = ioo°c/w, e JC = 60°c/w (MJ) 

Tjmax = 85°C, 9 JA = 100°C/W, 9 JC = 60°C/W (CJ) 
Tjmax = 85°c, e JA = 100°C/W, e JC = 60°C/W (N) 



ORDER PART 
NUMBER 



LT1032MJ 
LT1032CJ 
LT1032CN 



(-15VTO-5V) 



v EE[I 






pel Vcc 



ON-OFF ir-l 
(0VTO5V)Ll 



~tl ? 9 Hi 



E 
E 
E 

NC|T 



ll 



• '13 
LrSI 



(5VT015V) 
STROBE 



fir* RESPONSE 
isl CONTROL 



B NC 



S PACKAGE 
16-LEAD PLASTIC SOL 



Tjmax = 85°C, e JA = 95°C/W, e JC = 27°C/W (S) 



ORDER PART 
NUMBER 



LT1032CS 



eiCCTMCfll CHflRflCTCMSTICS 

(Supply Voltage =±5V to ±15V) 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Current 


v ON-CfF^2.4V, Iout = 0, All Outputs Low 


o 




500 


1000 


I* 


Power Supply Leakage Current 


V ON -off^0.4V 
V 0N -0FF^0.1V,T A = 125 o C 


o 




1 
10 


10 
50 


M 
M 


Output Voltage Swing 


Load = 2mA 


Positive 




V+-0.3V 


V+-0.1V 




V 




Negative 






V-+0.7V 


V-+0.9V 


V 


Output Current 


v supply ±5Vto ± 15V 




10 


22 




mA 


Output Overload Voltage (Forced) 


Operating or Shutdown 


o 


V+-30V 




V-+30V 


V 


Output Current 


Shutdown V OU t=±30V 






2 


100 


jiA 


Input Overload Voltage (Forced) 


Operating or Shutdown 


o 


V" 




30V 


V 


Logic Input Levels 


Low Input (V 0UT = High) 
High Input (V ut= Low) 


o 
o 


2 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


V, N >2.0V 
V, N <0.8V 






2 
10 


20 
20 


MA 


On-Off Pin Current 


0<V, N <5V 


o 


-10 


3 


50 


M 


Slew Rate 


1 RESPONSE = 




4 


15 


30 


v/ M s 


Change in Slew Rate (Note 2) 


1 RESPONSE = +50/*A 
1 RESPONSE =-5(VA 




+ 50 
-50 


% 
% 


Response Pin Leakage 


v supply = ±6V, V O n/off^0.4V, 
v response= ±6V 




1 


M 



The o denotes specifications which apply over the operating 
temperature range 

Note 1: 3V applied to the strobe pin will force all outputs low. Strobe pin 
input impedance is about 2k to ground. Leave open when not used 



Note 2: Response can be changed by connecting a resistor to the 
supply. For supplies less than * 6V this current is disconnected when 
shut down. Leave open when not used. 
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TYPICAL P€RFORmflnC€ CHflRRCT€RISTICS 



LT1032 



On Supply Current vs 
Temperature 



Supply Current vs Supply 
Voltage 



3.0 

• 2.5 

20 



>J 15 



5 05 



Off Supply Current vs 
Temperature 
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< 14 
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ALL OUTPUTS LOW 


ALL OUTPUTS LOW 
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TEMPERATURE (°C) 
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Output Swing vs Output Current 
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OUTPUT CURRENT (mA) 



Output Leakage vs 
Temperature 
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Response Pin Leakage vs 
Temperature (Device Off) 
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TEMPERATURE (°C) 



0n-0ff Pin Current vs Voltage 



Shutdown Pin Voltage vs 
Temperature 



Current Limit vs Temperature 























20 
1.8 
1 6 
£-14 
< 1 2 
t 10 
E 08 

u. 

1 06 
o 

04 

0.2 




















80 
70 

< 60 

E. 

£ 50 
1 40 
j| 30 

ID 
O 

20 
10 











































































MIN ON VOLTAGE 








































INKIN 


































































s^b 


li 


































vj 


































LTAGE 










1 






































MAX Grr vu 








S0URCING 











































































































12 3 4 5 

INPUT VOLTAGE (V) 



-50 -25 25 50 75 100 125 150 
TEMPERATURE (°C) 



■^50 -25 25 50 75 100 125 150 
TEMPERATURE (°C) 



J Sr*. !/ TECHNOLOGY 



3-25 



LT1032 



TYPICAL P€ftFORmAnC€ CHARACTERISTICS 



Output Swing vs Temperature 
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On-Off Response Time 
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Slew Rate vs Temperature 
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Output Waveform 
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Strobe Pin Response 
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LT1032 



APPiKOTions iflFORmnTion 

Application Hints 

The LT1032 is exceptionally easy to use when compared 
to older drivers. Operating supply voltage can be as low 
as ± 3V or as high as ± 1 5V. Input levels are referred to 
ground. 

The logic inputs are internally set at TTL levels. Outputs 
are valid for input voltages from 1V above V~ to 25V. 
Driving the logic inputs to V~ turns off the output stage. 
The "on-off" control completely turns off all supply cur- 
rent of the LT1 032. The levels required to drive the device 
on or off are set by internal emitter-base voltages. Since 
the current into the "on-off" pin is so low, TTL or CMOS 
drivers have no problem controlling the device. 

The strobe pin is not fully logic compatible. The imped- 
ance of the strobe pin is about 2kfi to ground. Driving the 
strobe pin positive forces the output stages low—even if 
the device is shut off. Under worst-case conditions, 3V 
minimum at 2mA are needed driving the strobe pin to in- 
sure strobing. 



The response pin can be used to make some adjustment 
in slew rate. A resistor can be connected between the 
response pin and the power supplies to drive 50^A to 
100jtiA into the pin. The response pin is a low impedance 
point operating at about 0.75V above ground. For supply 
voltage up to ± 6V, current is turned off when the device 
is turned off. For higher supply voltages, a zener should 
be connected in series with the resistor to limit the voltage 
applied to the response pin to 6V. Also, for temperatures 
above 100°C, using the response pin is not recom- 
mended. The leakage current into the response pin at 
high temperatures is excessive. 

Outputs are well protected against shorts or externally 
applied votlage. Tested limits are ±30V, but the device 
can withstand external voltages up to the breakdown of 
the transistors (typically about 50V). The LT1032 is 
usually immune to ESD up to 2500V on the outputs with 
no damage (limit of LTC tester). 



pin Funaion 



PIN 


FUNCTION 


COMMENT 


1 


Minus Supply 


Operates - 2V to - 1 5V 


2,5,9,12 


Logic Input 


Operates properly on TTL or CMOS levels. 
Output valid from (V ~ + 2V) < V IN < 1 5V. 
Connect to ground when not used. 


3,6,8,11 


Output 


Line drive output. 


4 


On-Off 


Shuts down entire circuit. Cannot be left 
open. For "normally on" operation, con- 
nect to V+. 


7 


Ground 


Ground must be more positive than V~ 


10 


Response Control 


Allows limited change of slew rate. Leave 
open when not used. 


13 


Strobe 


Forces all outputs low. Drive with 
3V 


14 


Positive Supply 


Operates 5V to 15V 



CFLinmD 
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LT1032 



TVPICflL flPPUCRTIOnS 



INPUT 



Protecting Against More than ±30V Output Overload 




100QTO 
100012 
AAA* — TO LINE 



INPUT - 




h- TO LINE 
30V ZENERS 



FET Driver 



. + 15V 
% LT1032>< 



>50k 

° N? » 



q 



Slew Rate Adjustment* 



LT1032 




] PIN 10 OR OR 



INCREASES 



DECREASES 
SLEW RATE 



10Vt 



* ABOUT 4V//iS CHANGE 
tZENERS PREVENT LEAKAGE 
DURING SHUT DOWN 



TTL/CMOS Compatible Strobe 



TTL INPUT 



+ 5V— f- 

eiok 



TO LT1032 
STROBE 



Strobing with CMOS 
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fECHNOLOGY 



(?(i®TFM 



Operates from ±5Vto ± 15V Supplies 

Fully Protected Against Overload 

Outputs can be Driven ± 30V without Damage 

Three-State Outputs; Outputs Open when Off 

Bipolar Circuit-No Latch Up 

± 30V Input Range 

Triple Driver/Receiver 

No Supply Current in Shutdown 

30k8 Input Impedance 

Meets All RS232 Specifications 

16 Pin Version-Pin Compatible with MC145406 

Available in SO Package 



a RS232 Interface 
a Terminals 
a Modems 



LT1039/LT1039-16 



RS232 Driver/Receiver 
with Shutdown 



The LT1 039 is atriple RS232 driver/receiver which includes 
SHUTDOWN. Each receiver will accept up to ±30V input 
and can drive either TTL or CMOS logic. The RS232 drivers 
accept TTL logic inputs and output RS232 voltage levels. 
The outputs are fully protected against overload and can 
be shorted to ground or up to ±30V without damage to the 
drivers. Additionally, when the system is shut down or 
power is off, the outputs are in a high impedance state al- 
lowing data line sharing. Bipolar circuitry makes this 
driver/receiver exceptionally rugged against overloads or 
ESD damage. 

A bias pin allows one receiver to be kept on while the rest 
of the part is shut down. 

The LT1 039 is also available in the 1 6 pin version, without 
shutdown or bias pin functions. 

For applications requiring operation from a single 5V sup- 
ply, see LT1 080/81, LT1 180/81 and LT1130 data sheets. 



w(Pnc(B(Liapipy€(0ini®(fii 



RS232 IN 




*BIAS PIN USED TO KEEP 
THE RECEIVER ON WHILE 
IN SHUTDOWN 



LOGIC 



LOGIC 



< 1 5 



Driver Output Swing 







POSITIVE 
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OUTPUT CURRENT (mA) 
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LT1039/LT1039-16 



absolutc maximum nnnnGs 

Supply Voltage 

Driver (V + ,V~) ±16V 

Receiver (Vcc) 7V 

Logic Inputs V - to 25V 

Receiver Inputs ± 30V 

On-Off Input GNDto12V 

Driver Outputs V-+30VtoV+ -30V 

Short Circuit Duration Indefinite 

Operating Temperature Range 

LT1039M -55°Cto125°C 

LT1039C 0°Cto70°C 

Guaranteed Functional by Design -40°C to 85°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PACKflG€/OftD€R inFORfllflTIOfl 



v+ rr 

REC1 IN \7 
TR1 OUT [7 

REC2 IN [7 
TR2 OUT [T 

REC3 IN [T 
TR3 OUT [7 

v-rr 



TOP VIEW 



HJvcc 

Tsl REC1 OUT 
TTJ TR1 IN 
JJ] REC2 OUT 
TJJTR2IN 
TTJ REC3 OUT 
To] TR3 IN 

TJgnd 



REC1 IN {T_ 
TR1 OUT [7 

REC2 IN [T 
TR2 OUT [7 

REC3 IN [7 
TR3 OUT [T 

v-e 



HI v C c 

TJ] REC1 OUT 
TTJ TR1 IN 
TJ] REC2 OUT 
TJ] TR2 IN 
TJ] REC3 OUT 
TJ] TR3 IN 

][]gnd 



TjMAX = 150°C,e JA = 
T JMAX = 125 ° C ' e JA = 
T JMAX = 125 ° C - e JA : 



105°C/W,e JC = 30 o C/W(J) 
90°C/W, 9 JC = 50°C/W (N) 
95°C/W, JC = 27°C/W (S) 



v + [T 

BIAS [7 
REC1 IN [7 

TR1 OUT [7 
REC2 IN [7 

TR2 OUT [7 
REC3 IN \T 

TR3 OUT [7 



TOP VIEW 



JJDVcc 

TTJonoff 

TfJ REC1 OUT 
T7J TR1 IN 
7Q REC2 OUT 
JJ] TR2 IN 
JJ] REC3 OUT 
TTJ TR3 IN 
JJ] GND 



BIAS [7 
REC1 IN [T 
TR1 OUT [7 
REC2 IN [T 
TR2 OUT |T 
REC3 IN (7 
TR3 OUT [? 
V~[? 



l]Vcc_ 
TJ] ON-OFF 
TJ] REC1 OUT 
TJ] TR1 IN 
TJ] REC2 OUT 
TJ] TR2 IN 
TJ] REC3 OUT 
TJ] TR3 IN 
TJ GND 



Xjmax = 150°C, 9 JA = 88°C/W, 6 JC = 22°C/W (J) 
TjMAX = 1 25°C, 9 JA = 79°C/W, 9 JC = 36°C/W (N) 
TjMAX = 125°C, JA = 90°C/W, JC = 26°C/W (S) 



ORDER PART 
NUMBER 



LT1039CN16 
LT1039CJ16 
LT1039MJ16 
LT1039CS16 



LT1039CN 
LT1039CJ 
LT1039MJ 
LT1039CS 



€l€CTRICni CHflRflCTCRISTICS 


PARAMETER 


CONDITIONS 


MIN TYP MAX 


UNITS 


Driver V + =12V; V = -12V; V on .oTf = 2.5V (Note 1) 


Output Voltage Swing 


Load = 3k 
to Ground 


Positive 
Negative 


o 
© 


V+-0.4 V+-0.1 
V- +1.5 V-+1 


V 
V 


Logic Input Voltage 
Levels 


Input Low Level (V ut= High) 
Input High Level (V ut= Low) 


o 
o 


1.4 0.8 
2.0 1.4 


V 
V 


Logic Input Current 


V, N >2.0V 
V, N <0.8V 




1 20 
5 20 


HA 


Output Short Circuit 
Current 


Sourcing Current, V ut = OV 
Sinking Current, V O ut=0V 




5 15 
-5 -15 


mA 
mA 


Output Leakage Current 


SHUTDOWN (Note 2 and 3); V 0UT = ±18V, V )N = 


o 


10(25°C) 200 


M 


Supply Leakage Current 


SHUTDOWN (Note 2) 


© 


1 (25°C) 100 


M 


Slew Rate 


R L =3kQ;C L =51pF 




4 15 30 


V//iS 


Supply Current 


V OU T=Low 




4 8 


mA 


Receiver V cc = 5V; V ON -oTf = 2.5V (Note 1) 


Input Voltage Thresholds 


Input Low (V ut= High) 
Input High (V ut = Low) 


o 


0.5 1.3 

1.7 2.8 


V 
V 


Hysteresis 




o 


0.1 0.4 1.0 


V 


Input Resistance 




o 


30 


kfi 


Output Voltage 


Output Low, I ut= -1.6mA 
Output High, Iout= 1 % a 


© 
o 


0.4 0.5 
3.5 4.8 


V 
V 


Output Short Circuit 
Current 


Sinking Current, V ut= Vcc 
Sourcing Current, V OUT =0V (Note 4) 


© 
© 


-10 
0.5 1 


mA 
mA 


Output Leakage Current 


SHUTDOWN (Note 1); 0V< V 0UT < V cc , V, N = 


© 


1 10 


pA 


Supply Current 




© 


4 7 


mA 
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LT1039/U1039-16 



€l€CTMCm CHflRnCTCMSTICS 



PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Supply Leakage Current 


SHUTDOWN (Note 2) 


o 




1 (25°C) 


100 


HA 


On-Off Pin Current 


0V<V ON off<5V 


o 


-15 




80 


pA 



The o denotes the specifications which apply over the full operating 

temperature range. 

Note 1: Vqn -off = 5.0V for LT1039M grade devices. 



Note 2: V 0N - oTf = 0.4V for -55°C < T A < 1 00°C, and Vqn-off = 0.2V for 
1 00°C < T A < 1 25°C. Does not apply to LT1 039-1 6 part. 
Note 3: For T A > 1 00°C, leakage current is 350|iA max. 
Note 4: For T A < -25°C, output souce current is 0.4mA. 



Plfl FU ACTIO AS (Pin numbers listed are for 18 pin device). 

V+, V- (Pins 1, 9): Driver supply pins. Supply current 
drops to zero in SHUTDOWN mode. Driver outputs are in a 
high impedance state when V + and V - = 0V. 



Vcc (Pin 18): 5V power for receivers. 

GND (Pin 10): Ground pin. 

TR IN (Pins 11, 13, 15): RS232 driver input pins. Inputs are 
TTL/CMOS compatible. Inputs should not be allowed to 
float. Tie unused inputs to Vcc- 

TR OUT (Pins 4, 6, 8): Driver outputs with RS232 voltage 
levels. Outputs are in a high impedance state when in the 
SHUTDOWN mode or when power is off (V + and 
V- =0V) to allow data line sharing. Outputs are fully 
short circuit protected from V - + 30V to V + - 30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ±45V and higher applied 
voltages will not damage the device if moderately current 
limited. 



REC IN (Pins 3, 5, 7): Receiver input pins. Accepts RS232 
voltage levels ( ± 30V) and has 0.4V of hysteresis to provide 
noise immunity. Input impedance is nominally 30kQ. 

REC OUT (Pins 12, 14, 16): Receiver outputs with TTU 
CMOS voltage levels. Outputs are in a high impedance 
state when in the SHUTDOWN mode to allow data line 
sharing. Outputs are fully short circuit protected to ground 
or Vcc with power on, off, or in the SHUTDOWN mode. 

ON-OFF (Pin 17): Controls the operation mode of the 
LT1039 and is TTL/CMOS compatible. A logic low puts the 
device in the SHUTDOWN mode which reduces input sup- 
ply current to zero and places both driver and receiver out- 
puts in a high impedance state. 

BIAS (Pin 2): Keeps receiver 1 on while the LT1039 is in the 
SHUTDOWN mode. Leave BIAS pin open when not in use. 
See Application Hints for proper use. 



TYPICAL P€AFOAfllAAC€ CHAAACT6AISTICS 



Driver Output Short 
Circuit Current 































































^_ c 


IINKINC 








































3URCIN 












s 


G 



































Receiver Input Thresholds 



-55 -25 25 50 75 
TEMPERATURE (°C) 



3 00 

2 75 

2 50 

r 2 25 

j 2 00 

j 1 75 

i 1 50 

; 1 25 

1 00 

75 

50 

















































IN 


PUT HI 


}H 




































INPUT LOW 

















































On-Off Pin Thresholds 



50 
45 
40 
§35 
| 30 
i 25 
°- 2fl 

Is 

== 15 
o 

1 

05 



























































































^^ 


tflNIMl 


MON 


VOLTAGE 


















M 


AXIMU 


MOFF 


VOLTAGE 






III 





25 50 75 
TEMPERATURE (°C) 



100 125 



25 50 75 100 
TEMPERATURE (°C) 



/QTUntM 

Z, SvU TECHNOLOGY 



3-31 



LT1039/LT1039-16 



TYPICAL reftFORfltflnCC CHAftACTCMSTlCS 
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Driver Output Swing vs Current 
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typical P€RFonmnnc€ charactcristics 
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flPPUCATIOn Hims 



The driver output stage of the LT1039 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to ± 30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 

Placing the LT1039 in the SHUTDOWN mode (Pin 17 low) 
puts both the driver and receiver outputs in a high 



impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops all supply currents 
(Vcc, V + , V") to zero for power-conscious systems. 

When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 



LT1039 Driver 
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Sharing a Transmitter Line 



Transceiver 



LOGIC 




LT1039 #1 
DRIVER 






INPUT A 


? 






LOGIC 


J1039 #2 
DRIVER 

IN. 




RS232 


INPUT B 




K 


LINE 


ON-OFF 
(CHANNEL 


LOGIC 
INVERTER 




SELECT) 
INPUT 




l^« 





LOGIC 

TRANSMIT/RECEIVE 

LINE 




RS232 

TRANSMIT/RECEIVE 

LINE 



3-34 



xyLir™ 

/ Nrr^ TECHNOLOGY 



LT1039/LT1039-16 



nppucATion Hints 



To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 

The receiver input impedance of the LT1039 is nominally 
3(M For applications requiring a 5kQ input impedance, a 
5.6kfl resistor can be connected from the receiver input to 
ground. 

Driver inputs should not be allowed to float. Any unused 
inputs should be tied to Vcc- 



LT1039 
RECEIVER 



RS232 

input" 



The bias pin is used to "keep alive" one receiver while in 
the SHUTDOWN mode (all other circuitry being inactive). 
This allows a system to be in SHUTDOWN and still have 
one active receiver for transferring data. It can also be 
used to make an RS232 compatible SHUTDOWN control 
line. Driving the bias pin low through a resistance of 24kfi 
to 30kfi keeps the receiver active. Do not drive the bias pin 
directly from a logic output without the series resistor. An 
unused bias pin should be left open. 

Keeping Alive One Receiver while in SHUTDOWN 
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Programmable Micropower Hex 
Translator/ Receiver /Driver 



(FiiTHIidS 



Efficiently Translate Voltage Levels 

Internal Hysteresis for Noise Immunity 

Output Latches Included 

Three-State Outputs 

Programmable Power/Speed 

Power can be Completely Shut Off 

± 50V on Inputs with External 100kfl Limit Resistor 

1.2/iS Response at 100/*A Supply Current 



fflPPUCflTI©IRlS 

n TTL/CMOS to ±5V Analog Switch Drive 

□ TTLtoCMOS(3Vto15VV C c) 

o ECLtoCMOS(3Vto15VV C c) 

a Ground Isolation Buffer 

q Low Power RS232 Line Receiver 



P€SC(ira©(a) 

The LTC1045 is a hex level translator manufactured using 
Linear Technology's enhanced LTCMOS™ silicon gate 
process. It consists of six high speed comparators with 
output latches and three-state capability. Each compara- 
tor's plus input is brought out separately. The minus in- 
puts of comparators 1-4 are tied to Vjripi and 5-6 are tied 

toVjR|P2. 

The Iset pin has several functions. When taken to V + the 
outputs are latched and power is completely shut off. 
Power/speed can be programmed by connecting Iset to 
V" through an external resistor. 

LTCMOS™ is a trademark of Linear Technology Corp. 
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absoiut€ mnximum RfmnGs 

(Notes land 2) 

Total Supply Voltage (V+, V h to V~ , Vol) 18V 

Output High Voltage (Voh) ^V+ 

Input Voltage 18V to V" -0.3V 

Operating Temperature Range 

LTC1045C -40°Cto85°C 

LTC1045M -55°Cto125°C 

Storage Temperature Range - 55°C to 150°C 

Lead Temperature (Soldering, 10 sec) 300°C 

Output Short Circuit Duration 

(Voh - Vol^IOV) Continuous 

ESD (MIL-STD-883, Method 3015.1) 2000V 
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TOP VIEW 
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TjMAX = 150 o C,e JA = 70°C/W(J) 




TjMAX = 110 o C i e JA = 90°C/W(N) 





€l€CTMCflL CHflftflCTCMSTICS 

(Note 3) V + = Voh = 5V, V - = Vol = 0V, Ta = 25°C un,ess otherwise specified. 




PARAMETER 


CONDITIONS 


LTC1045M 


LTC1045C 




SYMBOL 


MIN 


TYP 
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Input Bias Current 


V"<V| N <V + 
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V + toV" Supply Current 
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V + to V" Supply Current 
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Voltage on l SET (Pin 12) 


RsET = 10k 


o 


0.5 


0.9 


1.4 


0.6 


0.9 


1.25 


V 
V 


Voh 


TTL Output High Voltage 


l OUT =-360/iA,V + =4.5V 


o 


2.4 


4.4 




2.4 


4.4 




V 


Vol 


TTL Output Low Voltage 
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Sink Current 
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AC €l€CTRICfll CHflRflCTCMSTICS 

V + = Voh = 5V, V " = Vol = OV, Ta = 25°C unless otherwise specified. 




PARAMETER 


CONDITIONS 


LTC1045M 


LTC1045C 




SYMBOL 


MIN TYP MAX 


MIN TYP MAX 


UNITS 


t d 


Response Time 


Test Circuit Figure 1 
R S ET=10k, ±100mV Drive 
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Time Before Rising Edge of l SET that 
Data Must be Present 


Test Circuit Figure 2 
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Time After Rising Edge of I S et tnat 
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Test Circuit Figure 2 
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Falling Edge of DISABLE to Logic 
Level (from Hi-Z State) 


Test Circuit Figure 3 
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165 


ns 


t|H» tOH 


Rising Edge of DISABLE to Hi-Z 
State 


Test Circuit Figure 3 




200 


200 


ns 



The o denotes the specifications which apply over the full operating 

temperature range. 

Note 1: Absolute Maximum Ratings are those values beyond which the life 

of the device may be impaired. 

Note 2: The maximum differential voltage between any two power pins 

(V + , V", Vqh and v ol) must not exceed 18V. The maximum recommended 

operating differential is 15V. 



Note 3: During operation near the maximum supply voltage limit, care 
should be taken to avoid or suppress power supply turn-on and turn-off 
transients, power supply ripple, or ground noise; any of these conditions 
must not cause a supply differential to exceed the absolute maximum 
rating. 



T€ST CIRCUITS 
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Figure 3. Three-State Output Test Circuit, 
Conditions: V + =5V,V" =0V,V O h = 5V,V O l = 0V 
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pin DcscmpTion 



Pin Name Description 

1 Voh High level to which the output 

switches 
2-7 INPUT Six comparator inputs; voltage 

range = V-toV- + 18V 

8 Vjrip2 Trip point for first four comparators 

(inputs 1 -4); voltage range = V ~ to 
V+-2V 

9 Vjripi Trip point for last two comparators 

(inputs 5-6); voltage range = V ~ to 
V+-2V 

10 V" Low level to which the output switches 



Pin 


Name 


Description 


11 


Vol 


Comparator negative supply 


12 


'SET 


This pin has three functions 

1) Rset from this pin to V" sets bias 
current 

2) When forced to V + power is shut 
off completely 

3) When forced to V + outputs are 
latched 


13 


DISABLE 


When high outputs are Hi-Z 


14-19 


OUTPUT 


Six driver outputs 


20 


V+ 


Comparator positive supply 
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flPPUCOTIOnS INFORftlfiTIOn 

The LTC1045 consists of six voltage translators and asso- 
ciated control circuitry, see Block Diagram. Each transla- 
tor has a linear comparator input stage with the positive 
input brought out separately. The negative inputs of the 
first four comparators are tied in common to Vjripi and 
the negative inputs of the last two comparators are tied in 
common to Vjrip2- With these inputs the switching point 
of the comparators can be set anywhere within the com- 
mon-mode range of V" to V + -2V. To improve noise 
immunity each comparator has a small built-in hysteresis. 
Hysteresis varies with bias current from 7mV at low bias 
current to 20mV at high bias current (see typical curve of 
Hysteresis vs Rset)- 

Setting the Bias Current 

Unlike CMOS logic, any linear CMOS circuit must draw 
some quiescent current. The bias generator (Block Dia- 
gram) allows the quiescent current of the comparators to 
be varied. Bias current is programmed with an external re- 
sistor (see typical curve of I + vs Rset)- As the bias current 
is decreased, the LTC1045 slows down (see typical curve 
of Delay Time vs Rset)- 

Shutting Power Off and Latching the Outputs 

In addition to setting the bias current, the Iset pin shuts 
power completely off and latches the translator outputs. 
To do this, the Iset pin must be forced to V + -0.5V. As 
shown in Figure 4, a CMOS gate or a TTL gate with a resis- 
tor pull-up does this quite nicely. Even though power is 



turned off to the linear circuitry, the CMOS output logic is 
powered and maintains the output state. With no DC load 
on the output, power dissipation, for all practical pur- 
poses, is zero. 

Latching the output is fast— typically 80ns from the rising 
edge of Iset- Going from the latched to flow through state 
is much slower — typically 1.5/is from the falling edge of 
Iset- This time is set by the comparator's power up time. 
During the power up time, the output can assume false 
states. To avoid problems, the output should not be con- 
sidered valid until 2ps to 5/is after the falling edge of Iset- 

Putting the Outputs in Hi-Z State 

A DISABLE input sets the six outputs to a high impedance 
state. This allows the LTC1045 to be interfaced to a data 
bus. When DISABLE = "1" the outputs are high impedance 
and when DISABLE = "0" they are active. With TTL sup- 
plies, V+ = 4.5V to 5.5V and V- = GND, the DISABLE input 
is TTL compatible. 

Power Supplies 

There are four power supplies on the LTC1045: V + , V", 
Voh and Vol- They can be connected almost arbitrarily, 
but there are a few restrictions. A minimum differential 
must exist between V + and V" and Voh and Vol- The V + 
to V" differential must be at least 4.5V and the Voh to Vol 
differential must be at least 3.0V. Another restriction is 
caused by the internal parasitic diode D1 (see Figure 5). 



V+ (4 5V TO 15V) 




V+ (4.5V TO 5.5V) 



3D-°<l- 




DISABLE- 



DISABLE- 



V H v + 
v ol output 



Vol I" 1 



(A) CMOS " (B)TTL 

Figure 4. Driving the Iset Pin with Logic 



Vol 



Figure 5. Output Driver 
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nppucATions mFonmnTion 

Because of this diode, Voh must not be greater than V + . 
Lastly the maximum voltage between any two power sup- 
ply pins must not exceed 15V operating or 18V absolute 
maximum. For example, if V + =5V, V" or Vol should be 
no more negative than - 10V. Note that Vol should not be 
more negative than - 10V even if the Voh to Vol differen- 
tial does not exceed the 15V maximum. In this case the V + 
to Vol differential sets the limit. 

Input Voltage 

The LTC1045 has no upper clamp diodes as do convention- 
al CMOS circuits. This allows the inputs to exceed the V + 
supply. The inputs will break down approximately 30V 
above the V" supply. If the input current is limited with 
100kQ, the input voltage can be driven to at least ±50V 
with no adverse effects for any combination of allowed 
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Figure 6. Relative Output Sourcing 
Resistance (Rqh) vs V + - Voh 



power supply voltages. Output levels will be correct even 
under these conditions (i.e., if the input voltage is above 
the trip point, the output will be high and if it is below, the 
output will be low). 

Output Drive 

Output drive characteristics of the LTC1045 will vary with 
the power supply voltages that are chosen. Output 
impedance is affected by V + , Voh and Vol V" has no ef- 
fect on output impedance. Guaranteed drive characteris- 
tics are specified in the table of electrical characteristics 
for V + =Voh = 5V and V"=V O l=0V. Figures 6 and 7 
show relative output impedance for other supply combina- 
tions. In general, output impedance is minimized if V + to 
Vqh is minimized and Voh to Vol is maximized. 
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Figure 7. Relative Output Sinking 
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TVPicni nppiicDTions 

High Voltage CMOS (V C c = 15V) to TTL/CMOS (V C c = 5V) 




LTC1045 



TTL/CMOS (V CC = 5V) to Low Voltage CMOS (V CC = 3V) 




CMOS 
(V C C = 3V) 



RS232 Receiver 
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ECHNOLOGY 



LT1080/LT1081 



Advanced Low Power 
5V RS232 Dual Driver/ Receiver 



(POTTOS 



Absolutely No Latchup 

CMOS Comparable Low Power - 60mW 
Superior to CMOS 

- Improved Speed - Operates Over 64K Baud 

- Improved Protection - Outputs Can be Forced 
to ± 30V Without Damage 

- Three-State Outputs are High Impedance When Off 
-Only Needs 1/iF Capacitors 

Can Power Additional RS232 Drivers - 10mA 
1jiA Supply Current in Shutdown 
Available in SO Package 
Available With or Without Shutdown 



(Hl(P(P!LBCi¥D@(nlS 

n Portable Computers 

n Battery Powered RS232 Systems 

n Power Supply Generator 

n Terminals 

n Modems 



The LT1080 and LT1081 are the only dual RS232 driver/ 
receiver with charge pump to guarantee absolutely no 
latchup. These interface optimized devices provide a real- 
istic balance between CMOS levels of power dissipation 
and real world requirements for ruggedness. The driver 
outputs are fully protected against overload and can be 
shorted to ± 30V. Unlike CMOS, the advanced architecture 
of the LT1080/LT1081 does not load the signal line when 
"shut down" or when power is off. Both the receiver and 
RS232 outputs are put into a high impedance state. An 
advanced output stage allows driving higher capacitive 
loads at higher speeds with exceptional ruggedness 
against ESD. 

For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130 Series 
data sheet. A version of the LT1080/81, the LT1180 and 
LT1181 which use only 0.1 /iF capacitors is also available. 
All of Linear Technology's RS232 IC's are available in 
standard surface mount packages. 



T^tPDCf^tLKKPIPycra©^ 



v 



vf: 



LOGIC 
INPUTS 



LOGIC 
OUTPUTS 



ON-OFF- 



T7" 



LT1080 



-V- 



-5V INPUT 



11/iF 






VF 



-RS232 OUTPUT 



-RS232 OUTPUT 



-RS232 INPUT 



Supply Generator Outputs 









3V- 


+ OUTPUT 








R L T 








} L T( 


) GNP 






























































v Cu ^ 








































R L T 


TV + 






R L TOGND 






^~\ 














-u 

LJ 


UIPU 


T 









2 4 6 8 10 12 14 16 18 20 
OUTPUT CURRENT (mA) 



3-44 



TLin^AB 

»# TECHNOLOGY 




ECHNOLOGY 



Absolutely No Latchup 

CMOS Comparable Low Power - 80mW 
Operates from a Single 5V Supply 
Superior to CMOS 

- Easy PC Layout - Flow Through Architecture 

- Improved Speed - Operates Over 64K Baud 

- Improved Protection - Outputs Can be Forced 
to ± 30V Without Damage 

-Three-State Outputs are High Impedance When Off 
-Only Needs VF Capacitors 

- Output Overvoltage Does Not Force Current Back Into 
Supplies 

VA Supply Current in Shutdown 
Available in SO Package 



LT1130 Series 



Advanced Low Power 

5V RS232 Drivers/Receivers 

with Charge Pump 



The LT1130 Series are the only RS232 drivers/receivers 
with charge pump to guarantee absolutely no latchup. 
These interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. The driver outputs are 
fully protected against overload and can be shorted to 
±30V. Unlike CMOS, the advanced architecture of the 
LT1130 does not load the signal line when "shut down" or 
when power is off. Both the receiver and RS232 outputs 
are put into a high impedance state. An advanced output 
stage allows driving higher capacitive loads at higher 
speeds with exceptional ruggedness. 

For applications requiring only 2 drivers and 2 receivers 
with charge pump in one package see the LT1180 Series 
data sheet. All of Linear Technology's RS232 IC's are avail- 
able in standard surface mount packages. 
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LT1130 5-Driver/5-Receiver RS232 Transceiver LT1136 4- 

LT11 31 5-Driver/4-Receiver RS232 Transceiver w/Shutdown LT11 37 3 

LT1132 5-Driver/3-Receiver RS232 Transceiver LT1138 5- 

LT1133 3-Driver/5-Receiver RS232 Transceiver LT1139 4- 

LT1134 4-Driver/4-Receiver RS232 Transceiver LT1140 5- 

LT1135 5-Driver/3-Receiver RS232 Transceiver w/o Charge Pump LT1141 3- 



Driver/5-Receiver RS232 Transceiver w/Shutdown 
Driver/5-Receiver RS232 Transceiver w/Shutdown 
Driver/3-Receiver RS232 Transceiver w/Shutdown 
Driver/4-Receiver RS232 Transceiver w/Shutdown 
Driver/3-Receiver RS232 Transceiver w/o Charge Pump 
Driver/5-Receiver RS232 Transceiver w/o Charge Pump 
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LT1180/LT1181 



ECHNOLOGY 



(FiTOlMS 



Advanced Low Power 

5V RS232 Dual Driver/ Receiver 

with Small Capacitors 



O.fyF Capacitors 

Absolutely No Latchup 

CMOS Comparable Low Power - 70mW 

Superior to CMOS 

- Improved Speed - Operates Over 64K Baud 

- Improved Protection - Outputs Can be Forced 
to ± 30V Without Damage 

- Three-State Outputs are High Impedance When Off 

- Smaller Board Area Required 
VA Supply Current in Shutdown 
Available in SO Package 
Available With or Without Shutdown 



° Portable Computers 

° Battery Powered RS232 Systems 

n Power Supply Generator . 

° Terminals 

^ Modems 



The LT1180 and LT1181 are the only dual RS232 driver/ 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only 0.1/*F charge pump capacitors, 
these interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors re- 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
±30V. Unlike CMOS, the advanced architecture of the 
LT1180/LT1181 does not load the signal line when "shut 
down" or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive loads at 
higher speeds with exceptional ruggedness against ESD. 

For applications requiring up to 5 drivers and 5 receivers 
with charge pump in one package see the LT1130 Series 
data sheet. A version of the LT1 180/81, the LT1080 and 
LT1081 is available for applications requiring extra current 
from the charge pump to power other circuitry. All of 
Linear Technology's RS232 IC's are available in standard 
surface mount packages. 
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TECHNOLOGY 



LT1280/LT1281 



Advanced Low Power 
5V RS232 Dual Driver/ Receiver 



10mA Max Supply Current 

Absolutely No Latchup 

CMOS Comparable Low Power - 35mW Typ 

Superior to CMOS 

- Improved Speed - Operates Over 64K Baud 

- Improved Protection - Outputs Can be Forced 
to ± 30V Without Damage 

- Three-State Outputs are High Impedance When Off 

- Smaller Board Area Required 
fyA Supply Current in Shutdown 
Available in SO Package 
Available With or Without Shutdown 



a Portable Computers 

a Battery Powered RS232 Systems 

a Power Supply Generator 

□ Terminals 

a Modems 



The LT1280 and LT1281 are the only dual RS232 driver/ 
receiver with charge pump to guarantee absolutely no 
latchup. Requiring only 1jiF charge pump capacitors, 
these interface optimized devices provide a realistic bal- 
ance between CMOS levels of power dissipation and real 
world requirements for ruggedness. Small capacitors re- 
duce cost as well as board size. The driver outputs are 
fully protected against overload and can be shorted to 
±30V. Unlike CMOS, the advanced architecture of the 
LT1 280/LT1 281 does not load the signal line when "shut- 
down" or when power is off. Both the receiver and RS232 
outputs are put into a high impedance state. An advanced 
output stage allows driving higher capacitive loads at 
higher speeds with exceptional ruggedness against ESD. 

For applications requiring small O.IjlxF capacitors, 
the LT1280A/LT1281A will be released by June 1993. 
In addition to meeting all LT1280/LT1281 specifications, 
including 10mA max. supply current, the LT1280A/ 
LT1281A provides ±10kV ESD protection for the RS232 
line pins. 



imc(iM(?[?y£(£firo©@ 



v=: 



vf: 



LOGIC 
INPUTS 



LOGIC 
OUTPUTS 



ON-OTF- 



T7" 



->- 

<lf; 



:vf 



"U 



VF 



-RS232 OUTPUT 



Output Waveforms 



f 5V 


\m 






. 






i 






511 


DRIVER I 


i 


-*>' 




^ 






yy 








OUTPUT 1 ov 
L-5V 


\ '. 


IK, i 






<►>< 




\X 








ECEIVER f 5V 
OUTPUT [ OV 


IT, 




: ~' 


^ 




; 1 ' 




— 


" TT 






...,„. 


r .» 


, ; ;; 


,v- 


7 ; 










:'*'" 


r 5v 

INPUT [ QV 










— 


-VT 






^ 


..;. 




,,., 




'1 


:t 



2ms 



&t& 8|ts 



/TFLintAB 

/ v t> / TECHNOLOGY 



3-47 



U1280/LT1281 



nssoLUT€ mnximum nnnnGs 

Supply Voltage (Vcc) 6V 

V+ 13.2V 

V- -13.2V 

Input Voltage 

Driver V- to V+ 

Receiver -30V to 30V 

On-Off Pin GNDto12V 

Output Voltage 

Driver V- +30V to V+ -30V 

Receiver -0.3V to Vcc+0.3V 



Short Circuit Duration 

V+ 30 Seconds 

V- 30 Seconds 

Driver Output Indefinite 

Receiver Output Indefinite 

Operating Temperature Range 

LT1280M/LT1281M -55°Cto125°C 

LT1280I/LT1281I -40°Cto85°C 

LT1280C/LT1281C 0°Cto70°C 

Lead Temperature (Soldering, 10 sec.) 300°C 



PACKAG€/OftD€R IflFOftmflTIOfl 




J PACKAGE 
18-LEAD CERAMIC DIP 



33 ON-OFF 

33 V CC 
]6]GND 
TH TR1 OUT 
33 REC1 IN 
33 REC1 OUT 
33 TR1 IN 
77] TR2 IN 
33 REC2 OUT 



N PACKAGE 
18-LEAD PLASTIC DIP 



TjMAX = 1 50°C, 6 JA = 1 00°C/W, 9 JC = 40°C/W (J) 
TjMAX = 125°C, 6 JA = 120°C/W, 9 JC = 50°C/W (N) 




7e]vcc 

J5]GND 
33 TR1 OUT 
33 REC1 IN 
33 REQ1 OUT 
77] TR1 IN 
33 TR2 IN 
T] REC2 OUT 



J PACKAGE N PACKAGE 

16-LEAD CERAMIC DIP 16-LEAD PLASTIC DIP 



Tjmax = 1 50°c, e JA = ioo°c/w, e JC = 40°c/w (j) 

TJMAX = 12 5°C, e JA = 120°C/W, 9 JC = 50°C/W (N) 



ORDER PART 
NUMBER 



LT1280MJ 
LT1280IJ 
LT1280IN 
LT1280CJ 
LT1280CN 



LT1281MJ 
LT1281IJ 
LT1281IN 
LT1281CJ 
LT1281CN 



TOP VIEW 




ORDER PART 
NUMBER 


nc|T" 




33 ON-OFF 


C1 + [T f 

v+|T ' 
ci - [T * 




33 V CC 

33gnd 

33 TR1 OUT 


LT1280IS 
LT1280CS 


C2+[T t ' 


LT1280 


33 REC1 IN 




C2-[T 




33 REC1 OUT 




v-E- 




33 TR1 IN 




TR2 OUT |T ; 




33 TR2 IN 




REC2 IN [T ^ 




33 REC2 OUT 






S PACKAGE 
18-LEAD PLASTIC SOL 


Tjmax = i25 o c I e JA = 90 o c/w I e JC 


= 26°C/W (S) 




TOP VIEW 




LT1281IS 
LT1281CS 


ci + |T '* 




33 V CC 


v+ \T , 




33gnd 




C1 ~ H." 




33 TR1 OUT 




C2+ \T 
C2- |T 


LT1281 


33 REC1 IN 
33 REC1 OUT 




v- [T" 




T3 TR1 IN 




TR2 OUT |T 




33 TR2 IN 




REC2 IN |T 




T] REC2 OUT 






S PACKAGE 
6-LEAD PLASTIC SOL 


Tjmax = 125°C,0 JA = 95°C/W > e JC 


= 27°C/W (S) 
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LT1280/LT1281 



€l€CTRICfll CHRRRCT6RISTICS (N otei) 


PARAMETER 


CONDITIONS 


MIN 


TYP 


MAX 


UNITS 


Driver 


Output Voltage Swing 


Load = 3ktoGND 
Both Outputs. 


Positive 
Negative 


o 
o 


5.0 
-5.0 


7.3 
-6.5 




V 
V 


Logic Input Voltage 
Level 


Input Low Level (V ut= High) 
Input High Level (V ut= Low) 


o 
o 


2.0 


1.4 
1.4 


0.8 


V 
V 


Logic Input Current 


V, N >2.0V 
V| N <0.8V 


o 
o 




5 
5 


20 
20 


jiA 
HA 


Output Short Circuit 
Current 


Sourcing Current, V ut = OV 
Sinking Current, V O ut=0V 




7 
-7 


12 
-12 




mA 
mA 


Output Leakage Current 


SHUTDOWN (Note 2), V 0UT = ± 30V (Note 4) 


o 




10 


25 


^ 


Slew Rate 


R L =3kfl,C L =51pF 




4 


15 


30 


V/ M s 


Receiver 


Input Voltage Thresholds 


Input Low Threshold, LT1280C/LT1281C 

LT1280I, M/LT1281I, M 


o 
o 


0.8 
0.2 


1.3 
1.3 




V 
V 




Input High Threshold, LT1280C/LT1281C 

LT1280I, M/LT1281I, M 


o 
o 




1.7 
1.7 


2.4 
3.0 


V 
V 


Hysteresis 




o 


0.1 


0.4 


1.0 


V 


Input Resistance 






3 


5 


7 


kfl 


Output Voltage 


Output Low, I ut= -1.6mA 
Output High, Iqut =160/iA(Vcc=5V) 


o 
o 


3.5 


0.2 
4.8 


0.4 


V 
V 


Output Short Circuit 
Current 


Sinking Current, V ut=Vcc 
Sourcing Current, V ut = 0V 




-10 
0.3 


-20 
0.6 




mA 
mA 


Output Leakage Current 


SHUTDOWN (Note 2), 0V< V 0UT ^ V cc 


o 




1 


10 


mA 


Supply Current 


(Note 3) 


o 




7 


10 
14 


mA 
mA 


Supply Leakage Current (V C c) 


SHUTDOWN (Note 2) (LT1280 Only) (Note 4) 


o 




1 


25 


nA 


On-Off Pin Current 


0V<V ON -OFF^5V(LT1280Only) 


o 


-15 




80 


^a 



The o denotes specifications which apply over the operating temperature 
range (0°C<T A <70°C for commercial grade, -40°C<T A <85°C for indus- 
trial grade or - 55°C <T A < 125°C for military grade devices). 
Note 1 : These parameters apply for V n.6ff = 3V, Vcc = 5V and C = 1 .0/iF un- 
less otherwise specif ied. 

Note 2: V on .off = 0.4V for - 55°C <T A < 1 00°C, and V on .off = 0.2V for 
100°C<T A <125°C(LT1280only). 



Note 3: Unless otherwise specified, V cc = 5V, external loading of V + and 
V ~ equals zero and the driver outputs are low (inputs high). 
Note 4: Leakage current at 125°C = 100/iA max. 



,CFLino\D 

JJ^al/ TECHNOLOGY 



3-49 



LT1280/LT1281 



Plfl FUflCTIOAS (Pin numbers refer to LT1280) 

Vcc (Pin 17): Input supply pin. Supply current drops to zero 
in the SHUTDOWN mode. 

GND (Pin 16): Ground pin. 

On-Off (Pin 18): Controls the operation mode of the LT1280 
and is TTL/CMOS compatible. A logic low puts the device 
in the SHUTDOWN mode which reduces input supply cur- 
rent to zero and places both driver and receiver outputs 
in a high impedance state. A logic high fully enables the 
device. 

V+(Pin 3): Positive supply for RS232 drivers. V+« 
2Vcc-1.5V. Requires an external capacitor (>0.VF) for 
charge storage. Capacitor may be tied to ground or +5V 
input supply. With multiple transceivers, the V + and V - 
pins may be paralleled into common capacitors. 

V- (Pin 7): Negative supply for RS232 drivers. V-* 
- (2Vcc - 2.5V). Requires an external capacitor (>0.1/*F) 
for charge storage. With multiple transceivers, the V + 
and V - pins may be paralleled into common capacitors. 

TR1 IN; TR2 IN (Pins 12, 11): RS232 driver input pins. Inputs 
are TTL/CMOS compatible. Inputs should not be allowed 
to float. Tie unused inputs to Vcc- 



TR1 OUT; TR2 OUT (Pins 15, 8): Driver outputs with RS232 
voltage levels. Outputs are in a high impedance state 
when in the SHUTDOWN mode or when power is off 
(Vcc=0V) to allow data line sharing. Outputs are fully 
short circuit protected from V- +30VtoV+ -30V with 
power on, off, or in the SHUTDOWN mode. Typical output 
breakdowns are greater than ±45V and higher applied 
voltages will not damage the device if moderately current 
limited. Shorting one output will affect output from the 
other. 

REC1 IN; REC2 IN (Pins 14, 9): Receiver inputs. Accepts 
RS232 voltage levels (± 30V) and has 0.4V of hysteresis to 
provide noise immunity. Input impedance is nominally 
5kfi. 

REC1 OUT; REC2 OUT (Pins 13, 10): Receiver outputs with 
TTL/CMOS voltage levels. Outputs are in a high 
impedance state when in the SHUTDOWN mode to allow 
data line sharing. Outputs are fully short circuit protected 
to ground or Vcc withpower on, off, or in the SHUTDOWN 
mode. 

C1 +; C1 -; C2+; C2- (Pins 2, 4, 5, 6): Requires an ex- 
ternal capacitor (>0.fyF) from C1 + to C1 - and another 
from C2+ to C2-. Pin 2 can be used for connecting a 
second positive supply. When a separate positive supply 
is used, Clean be deleted. 
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LT1280/LT1281 



TYPICAL P€RFORmnnC€ CHARACTERISTICS 
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LT1280/LT1281 



APPUCflTIOn MOTS 



The driver output stage of the LT1280 offers significantly 
improved protection over older bipolar and CMOS designs. 
In addition to current limiting, the driver output can be ex- 
ternally forced to ± 30V with no damage or excessive cur- 
rent flow, and will not disrupt the supplies. Some drivers 
have diodes connected between the outputs and the sup- 
plies, so externally applied voltages can cause excessive 
supply voltage to develop. 



Placing the LT1280 in the SHUTDOWN mode (Pin 18 low) 
puts both the driver and receiver outputs in a high 
impedance state. This allows data line sharing and 
transceiver applications. 

The SHUTDOWN mode also drops input supply current 
(Vcc; Pin 17) to zero for power-conscious systems. 
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Sharing a Transmitter Line 
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When driving CMOS logic from a receiver that will be used 
in the SHUTDOWN mode and there is no other active re- 
ceiver on the line, a 51k resistor can be placed from the 
logic input to Vcc to force a definite logic level when the 
receiver output is in a high impedance state. 

To protect against receiver input overloads in excess of 
± 30V, a voltage clamp can be placed on the data line and 
still maintain RS232 compatibility. 



RS232 
INPUT" 



*A PTC THERMISTOR WILL 
ALLOW CONTINUOUS OVERLOAD 
OF GREATER THAN ±100V 



RECEIVER 
■5kO 



30V 
,30V 




LOGIC 
OUTPUT 



Vcc 



RS232 
INPUT" 



ON-OFF 

input' 



T1280 I " 

J*"" Isik- CMOS 



'FORCES LOGIC INPUT STATE 
WHENVon-OFFISLOW 



LT1280 



HmF 



DRIVER 



V+ 



\> 



:vf 



EXTERNAL 
^POWER 
OP AMP 




TYPICAL APPUCATIOn 



Operating with 12V and 5V Supplies* 
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INPU 


\l 2 

T 


\J 


17 


4 


LT1280 


J 
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1 " Ff £ 




i^ 
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No 


15 


LOGIC 






I? 




INPUTS ' 


11 




No 


8 




13 




l£ 


14 


LOGIC 
OUTPUTS 


10 




9 


ON-OF 


r 18 


<J£ 


16 



5V INPUT 



*-12V 0U T 



RS232 OUTPUT 



RS232 INPUT 



•SUPPLY CURRENT IS SHUTDOWN 
FROM BOTH SUPPLIES. 
l Q TYP=4mA. 
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mT€ftFflC€ STMDnRDS 


SPECIFICATION 


RS232 


RS423 


RS422 


RS485 


RS562 


Mode of Operation 


Single-Ended 


Single-Ended 


Differential 


Differential 


Single-Ended 


Number of Drivers and 
Receivers Allowed on One Line 


1 Driver, 
1 Receiver 


1 Driver, 
10 Receivers 


1 Driver, 
10 Receivers 


32 Drivers, 
32 Receivers 


1 Driver, 
1 Receiver 


Maximum Cable Length 


50 feet* 


4000 feet 


4000 feet 


4000 feet 


50 feet* 


Maximum Data Rate 


20kb/s 


100kb/s 


10Mb/s 


10Mb/s 


64kb/s 


Maximum Voltage Applied to Driver Output 


±25V 


±6V 


-0.25V to 6V 


-7Vto12V 


±25V 


Driver Output Signal 


Min Loaded 


±5V 


±3.6V 


±2V 


±1.5V 


±3.7V 




Max Unloaded 


±15V 


±6V 


±5V 


±5V 


±13.2V 


Driver Load 


3kQto7ka 


450Q(Min) 


100Q 


54a 


3kQ to 7kQ 


Maximum Driver Output Current 


Power ON 


- 


- 


- 


- 


60mA 


(High Impedance State) 


Power OFF 


V MA x/300Q 


±100nA 


±100nA 


±100^iA 


V MA x/300Q 


Output Slew Rate 


30V/ns (Max) 


Controls Provided 


- 


- 


30V/^is (Max) 


Receiver Input Voltage Range 


±15V(±25VMax) 


±12V 


±7V 


-7Vto12V 


±15V(±25VMax) 


Receiver Input Sensitivity 


±3V 


±200mV 


±200mV 


±200mV 


±3 


Receiver Input Resistance 


3kftto7kft 


4kQ (Min) 


4kD (Min) 


12kQ(Min) 


3kQto7kQ 



* For 2500pF cable capacitance, as per EIA 232D for data rates less than 20k baud. For data rates greater than 20k baud, CLoad = 1000pF. 
Complete standards can be obtained from Global Engineering Documents, 2805 McGraw Avenue, Irvine, CA 92714 



mT€RFflC€ GLOSSARY 

ASCII - American Standard Code for Information Inter- 
change—a 7-bit code for sending data. See page 8. 

asynchronous -Transmission in which character synchro- 
nization is established by use of start and stop bits. Also 
called start/stop transmission. 

auxiliary channel - A secondary channel whose transmis- 
sion direction is independent of the primary channel. 

backward channel - A secondary channel whose direction 
of transmission is the opposite of the primary channel. 

baud - The number of discrete signal elements transmitted 
per second. Many encoding methods allow transmission 
rates (bits per second) which are a multiple of baud rate. 

BPS - Bits per second transmitted or received. 

DCE - Data communications equipment. For example, a 
modem. 

DTE - Data terminal equipment. For example, a computer or 
terminal. 

frame -A group of bits transmitted as a unit. In asynchro- 
nous transmission a frame consists of a start bit, data bits, 
an optional parity bit, and one or more stop bits. 



full-duplex -Simultaneous two-way independent transmis- 
sion in both directions. 

half-duplex - A circuit designed for transmission in either 
direction but not both directions simultaneously. 

modem - Stands for MODulator-DEModulator, a device that 
converts digital signals to analog signals and vice versa. 
Analog signals can be transmitted over communications 
links such as telephone lines. 

primary channel - The data channel having the higher 
signaling line. 

protocol - Rules that define how two or more communica- 
tions devices will "talk" to each other. 

secondary channel - The data channel having the lower 
signaling rate of the interface. There are two classes of 
secondary channels: auxiliary and backward. 

simplex-Acircuitcapableofoperatinginonlyonedirection. 

synchronous - Transmission method in which the data is 
transmitted at a fixed rate with the transmitter and receiver 
synchronized. 
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conncaofi inFORmnTion 

SIGNAL PINOUT 



PIN 


NAME 


ABBR. 


DTE/DCE 


AT 


1 


Frame Ground 


FG 






2 


Transmit Data 


TD 


=> 


3 


3 


Receive Data 


RD 


4= 


2 


4 


Request to Send 


RTS 


=> 


7 


5 


Clear to Send 


CTS 


<= 


8 


6 


Data Set Ready 


DSR 


<= 


6 


7 


Signal Ground 


SG 




5 


8 


Data Carrier Detect 


DCD 


<= 


1 


9 


(Reserved) 








10 


(Reserved) 








11 


Unassigned 








12 


Sec. Carrier Detect 


(S)CD 


<= 




13 


Sec. Clear to Send 


(S)CTS 


<= 




14 


Sec. Transmit Data 


(S)TD 


=> 




15 


Transmitter Clock 


TC 


<= 




16 


Sec. Receive Data 


(S)RD 


<= 




17 


Receiver Clock 


RC 


<= 




18 


Local Loopback 




=> 




19 


Sec. Request to Send 


(S)RTS 


=> 




20 


Data Terminal Ready 


DTR 


=> 


4 


21 


Remote Loopback 




=> 






Signal Quality Detect 


SQ 


<= 




22 


Ring Indicator 


Rl 


<= 


9 


23 


Data Rate Select 








24 


Transmitter Clock 


(E)TC 


=> 




25 


Test Mode 




<= 





•The DTE/DCE column indicates data direction. 

• The AT column indicates the pin numbers used on IBM-PC/AT 
9-pin connectors. 

• Pin numbers in bold indicate commonly used signals. 

• Data rate select (pin 23) can be from DTE or DCE. 

CONNECTORS 



©©©©©©©©©©©©© 
°* ®®©®®@®®©®®@ '° 



(©©©©©/ 
' ©©©©/ 



VIEWS ARE FROM THE PIN SIDE OF THE FEMALE (DCE) CONNECTOR OR THE 
WIRE SIDE OF THE MALE (DTE) CONNECTOR. 

RS232»01 



CONNECTOR SIGNAL DESCRIPTIONS 

Frame Ground - Chassis ground of equipment. 

Transmit Data - Data sent by the DTE. The DTE holds the 
transmit data line in the mark condition when not transmitting. 

Receive Data - Data received by the DCE. The DCE holds the 
receive data line in the mark condition when Data Carrier Detect 
is off. 

RequesttoSend-Used by DTE to tell DCEit wants to send data. 

Clear to Send - Used by DCE to indicate it is ready to accept 
data. 

Data Set Ready (DCE Ready) - Indicates DCE is ready for 
operation. 

Signal Ground - Common ground for all signals. 

Data Carrier Detect (Received Line Signal Detector) - DCE 
indicates it is receiving a signal. 

Transmitter Clock (Transmitter Signal Element Timing) - Used 
to supply signal timing. Note thatthere are two of these signals: 
one supplied by the DCE and one by the DTE. Used for 
synchronous transmission. 

ReceiverClock(ReceiverSignalElementTiming)-Usedbythe 
DCE to provide receive signal timing (clock) to the DTE. Used 
for synchronous transmission. 

Local Loopback - Used to control the local loopback test 
condition in the local DCE. 

Data Terminal Ready - Used by the DTE to tell the DCE to 
switch to the communications channel. Turning off DTR will 
cause a modem to hang up a connection. 

Remote Loopback- Used to control the remote loopback test 
condition in the remote DCE. An ON condition causes the local 
DCE to signal the remote DCE to establish remote loopback. 

Signal Quality Detect - An OFF condition indicates a high 
probability of error. (Not recommended for new designs.) 

Ring Indicator - DCE turns this signal ON when it receives a 
ringing signal. 

Data Rate Select - Used to select one of two data rates 
(synchronous DCE) or one of two ranges of data rates (asyn- 
chronous DCE). 

Test Mode - Used by DCE to indicate that it is in test mode. 

Note: All secondary (Sec.) signals have the same meaning as the primary 
signals of the same name but apply to the secondary channel. The secondary 
channel is not available in many systems. 
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CABLES AND ADAPTERS 



STRAIGHT THROUGH CABLE 
DTE „ DCE 
1 2 1 



MINIMUM STRAIGHT CABLE 
DTE TD DCE 

2 2 



mo 



DCD 



15- 
17- 
20- 

DTE 
1 - 

7- 

2 

3 

4 

5 



_TC (SYNCHRONqUS£NLY)_ 

_R_C (SYNCHRONOUSONLY)_ 

DTR 



20- 



DCD 

8 

DTR 



■ 20 



A MINIMUM NULL MODEM CABLE IS THE 
SAME AS A MINIMUM STRAIGHT CABLE 
EXCEPT THAT RD AND TD (PINS 2 AND 3) 
ARE CROSS-CONNECTED AS IN THE NULL 
MODEM CABLE. 



NULL MODEM CABLE 
FG 



DCE 
- 1 



25-PIN 
2 



AT TO 25-PIN ADPTER 
TD 



TD 




TD 


RD 




RD 


RTS 
CTS 


X 


RTS 
CTS 



DSR 



, DTR 



3- 
4 ■ 
5- 
6- 
7 ■ 
8- 
20- 
22 • 



9-PIN 

— 3 

— 2 

— 7 



CTS 



CABLE RUN LENGTH 

Within the standard, cable lengths are limited by the signal 
characteristics. In practice, however, these limits are ex- 
ceeded. The following chart offers some reasonable guide- 
lines for 24-gauge wire under average conditions. 

Information from the data sheets on standard driver inte- 
grated circuits indicates thatthese guidelines may be conser- 
vative and suggests lengths of up to 1 0,000 feet at data rates 
in excess of 20,000 bits per second are possible. 

The external environment will have a large effect on lengths 
for unshielded cables. In electrically noisy environments, 
even very short cables can pick up stray signals. 



Rate 


Shielded 


Unshielded 


110 


5000 


1000 


300 


4000 


1000 


1200 


3000 


500 


2400 


2000 


500 


4800 


500 


250 


9600 


250 


100 



protocol mFORmniion 

PARITY 

Parity is the use of a check bit, appended to each frame of 
data, for error checking purposes. The following parity types 
are possible. 

None - No parity bit is sent. 

Odd -The parity bit is set to ensure an odd number of bits are 
set within the frame. 

Even -The parity bit is set to ensure an even number of bits 
are set within the frame. 

Mark - The parity bit is always set to the marking signal 
condition. 

Space - The parity bit is always set to the spacing signal 
condition. 

Examples of Common Formats 

8N1 - 8 data bits, 1 stop bit, no parity bit. (10-bit frame) 
7N1 - 7 data bits, 1 stop bit, no parity bit. (9-bit frame) 
8E1 - 8 data bits, 1 stop bit, even parity. (11 -bit frame) 

CHARACTER FRAME 



l* 


CHA 


RACTER FR 
DATA BITS 


AME 


PAR 

/ 


*-l 


I 
I 








START 
BIT 


LSB 




MSB 


STOP 
BIT(S) 


OTHER D 


/ 

OTA BITS 7 / 
OPTIONAL PARITY BIT ' 





MSB = MOST SIGNIFICANT DATA BIT 
LSB = LEAST SIGNIFICANT DATA BIT 



RELATIVE SIGNAL TIMING 



NORMAL TIMING SEQUENCES DURING ESTABLISHMENT OF 
COMMUNICATIONS ARE SHOWN BELOW ON HALF-DUPLEX 
CIRCUITS, RTS IS DROPED AS SOON AS THE DATA IS SENT. 
THIS IS TO SIGNAL A TURNAROUND OF THE CIRCUIT 



DTR_ 
DSR_ 
RTS_ 
CTS_ 
TD 
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PACKAGE DIMENSIONS 



TECHNOLOGY 



CORNER LEADS OPTION 
(4 PLCS) 



0.045-0.068 

(1.143-1.727)" 

FULL LEAD 

OPTION 




0.023-0.045 

(0.584-1.143) 

HALF LEAD 

OPTION 



0.290-0.320 



(7.366-8.128) 



U 0.008-0.018 
(0.203-0.457) 

0.385 ± 0.025 



(9.779 ± 0.635) 




J Package 
8-Lead Cerdip 



0°-15° 



0.005 

(0.127)" 

MIN 



0.025 



0.405 



(10.287) 
MAX 



r- 

m m m m 



(0.635) 
RADTYP 



LlI Lil LiJ L±J 



0.220- 
(5.588- 



0.310 



7.874) 



0.200 
(5.080) 



0.045-0.068 _ 
(1.143-1.727) 

0.014-0.026 
(0.360-0.660) " 



NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 



0.015-0.060 
(0.381-1.524) 



0.100 ±0.010 



0.125 
3.175 
MIN 



(2.540 ±0.254) 



0.290-0.320 



(7.366-8.128) 



^ 0.008-0.018 

^(0.203-0.457) 

_ 0.385 ± 0.025 
(9.779 ±0.635) 



J Package 
14-Lead Cerdip 



005 

(0.127) 

MIN 



0.025 



(0.635) 
RADTYP 




0°-15° 



0.785 
" (19.939) ~ 

MAX 



\u\ fisi Rii fi iioi m m 



0,220-0.310 
(5.588-7.874) 



LlJ L^l LaJ LiJ Ld LiJ UJ 



0.200 
(5.080) 
MAX 



V7 



\7 



045-0.068 
(1.143-1.727)" 



0.015-0.060 
(0.381-1.524) 

i 



k 



0.100 ±0.010 
(2.540 ±0.254) 



0.014-0.026 



NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 



(0.360-0.660) 



0.125 

(3.175) 

MIN 

J14 0392 
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< 0.290-0.320 ^ 



(7.366-8.128) 



. 0.008-0.018 
(0.203-0.457) 

0.385 ±0.025 



(9.779 ±0.635) 




0°-15° 



J Package 
16- Lead Cerdip 



0.005 

(0.127) 

MIN 



0.025 



(21 336) 
MAX 



h- 



(0.635) 
RADTYP 



0.220-0.310 
(5.588-7.874) 



UWLiJLiJIjLJLiJLiilliJ 



015-0.060 



(0.380-1.520) 

i 



0.125 

(3.175) 

MIN 



NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 



0.100 ±0.010 



(2.540 ± 0.254) 



0.200 
(5.080) 
MAX 



0.045-0.068 
(1.143-1.727) 

0014-0.026 
"(0.360-0.660) 

J16 0492 



< 0.290-0 320 



(7.366-8.128) 

~TT~ 



. 0-008-0.018 
(0.203-0.457) 

0.385 ± 0.025 




J Package 
18-Lead Cerdip 



0.005 

(0.127) " 

MIN 



0.960 



(24.384) 
MAX 






0.025 



(0.635) \ 
RADTYP 



0.220-0.310 
(5.590-7.870) 



LumLUWL^mmLiJ^ 



0.200 
(5.080) 
MAX 



0.015-0.060 



(0.380-1.520) 

jL_ 



£ 



(9.779 ± 0.635) 
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS 



0.125 

(3.175) 

MIN 



0.100 ±0.010 
(2.540 ± 0.254) 



,_ 0.045-0.068 
' (1.143-1.727) 

0.014-0.026 
(0.360-0.660) 
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20-Lead Cerdip 

1.060 




(26.924) 
MAX 


1 A 

0.220-0.310 0.025 / k 

(5.588-7.874) (0.635) V 

I RAD TYP 


_^ 


HJL^JWlULiJLAJmLiJliJH 

l 0.005 
^ mi97\ 



290-0.320 . 



MIN 



(7.366-8.128) 



0.008-0.018 
"(0.203-0.457) 

0385 ±0.025 



0.200 
(5 080) 
MAX 



0.015-0.060 
(0.381-1.524) 

i 



w 



0.125 
(3.175) 
MIN 



1 (9.779 ± 0.635) ' 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 



0.045-0.068 
(1.143-1.727) 
0.014-0.026 
"(0.356-0.660) 



0.100 ±0.010 
" (2.540 1 0.254) 





J Package 
24-Lead Cerdip 

1.290 






(32.77) 
MAX 

[24lf¥lf22l[^[20lHf¥lMraRH 


i 

0.220- 
(5.588- 


1 / 

-0-310 o.025 / 
- 7 -874) (0.635) * 
RADTYP 


) 



W^^W^WWWWWHN 



0.290-0.320 



(7.366-8.128) 



._ 0.008-0 018 
"~(0.203-0.457) 



0.310-0.410 




0.225 
(5.715) 
MAX 



0.015-0.060 
(0.381-1.524) 

JL 



I " 



1 (7 874-10.41) 

NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 



0.125 

(3.175) 

MIN 



0.045-0.068 
(1.143-1.727) 

0.014-0 026 



0.100 ±0 010 
"(2 540 ±0.254) 



(0.360-0.660) 
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0.685 



+0 025 
-0.060 



17.40 



+0.635 



0.500-0.610 

(12.700-15.494) 

MAX 



^ 0.590-0.620 

(14.986-15.748) 





















0.008-0.018 
(0.203-0.457) 







J Package 
28-Lead Cerdip 




1.490 

' (37.85) " 

MAX 



f28l [27] fgil [iil 1^4] [23] [22] [21I [20I [Til Rsl r»7l Fiel fisl 



liJLAJLiJliJLAJWLdWbLJHWNWW 



0.225 
(5 715) 
MAX 



015-0.075 
(0 381-1.904) 



i 0°-15° 



0.12 5 
(3.175) 
MIN 



-1.524 
NOTE: LEAD DIMENSIONS APPLY TO SOLDER DIP OR TIN PLATE LEADS. 



0.060-0.100 
"(1.524-2.540) 



045-0.068 ^ J 0.100 ±0. 



(1.143-1.727) 

0.014-0.026 
"(0 360-0.660) 



.010 
(2.540 ± 0.254) 



N Package 
8-Lead Molded DIP 




HJ LH LD LU 




0.130 ±0.005 




(2 540 ±0.254) 



(0.457 1 0.076) N80392 
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N Package 
14-Lead Molded DIP 





0.770 

(19.558) 
MAX 

HHBHHRf!| 


t 

0.260 ±0010 
(6.604 ± 0.254) 

\ 


) 



LU LU LU L±J LU L§J LU 



(7.620-8.255) 



0.009-0.015 
(0 229-0.381) 



0.130 ±0.005 
(3.302 ±0.127) 



015 

(0.380)~5_ 
MIN 



0.045 - 0.065 
(1.143-1651) 



0.325 



+0.025 



8.255 T 



(3.175) 
MIN 



KKK 



0.075 ±0015 



(1905 ±0.381) 
0100 ±0.010 _j 
(2.540 ± 254) 




N Package 
16-Lead Molded DIP 





0.770 

(19.558) 

MAX 

FiRiinTlRilRFinTlRFl[il 


t 

0.260 ±0.010 
(6 604 ± 0.254) 

i 


D 



ULiJLiJWlilLiJWW 



0.300-0.325 



(7.620-8.255) 



0.009-0.015 
(0.229-0 381)" 



0.325 



+0.025 
-0.015 



8.255 



•0.381 



0.130 ±0.005 
(3.302 ±0127) 



0.045-0.065 
(1.143-1651) 



0.015 
(0 381) ~fr | 
MIN 



♦_£ 



0125 

(3.175) 

MIN 



KKKK 



0.045 ±0.015 
(1.143 ±0.381) 
0.100 ±0.010 
(2.540 ± 0.254) 




(0 457 ±0.076) 
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PACKAGE DIMENSIONS 



N Package 
18-Lead Molded DIP 





0.905 

(22.860) 

MAX 

ran7ira^R4iraR2imra 


t 

0.260 ±0010 
(6 604 ± 254) 

1 


^ 



HMn\i}i±\i5iiA]in\±\ii] 



(7.620-8 255) 



0.009-0.015 
(0.229-0.381)" 



325 



+0.025 



8.255 



+0.635 
-0 381 



0.130 ±0 005 
(3.302 ±0.127) 



045-0.065 
(1.143-1651) 



0.015 
(0.381 )~ lf | 
MIN 



(3.175) 
MIN 



mm 



045 ±0 015 
"(1.143 ±0 381) 
0100 ±0.010 



(2 540 ± 254) 




(0.457 ± 0.076) 



N Package 
20-Lead Molded DIP 





1.040 

(26 416) 

MAX 


t 

260 ±0.010 
(6.604 ± 0.254) 

1 


) 



ummwmwmwww 



(7 620-8 255) 



009-0.015 _ 
(0.229-0 381)" 



n ooc +0 025 , 

0325 -0.015 J 



8 255 



+0.635 1 
-0.381 



0130 ±0 005 
(3.302 ±0127) 



0.045-0.065 
(1.143-1.651) 



0.015 
(0.381) >|r I 

MIN 



mm 



0125 

(3.175) 

MIN 



065 ±0 015 
"(1.651 ±0 381) 
0.100 ±0.010 



(2.540 ±0 254) 




(0 457 ± 076) 
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PACKAGE DIMENSIONS 



N Package 
24-Lead Molded DIP 





< 1.265 
(32.131) 

[i4]^3]^[^^^l[T8lf^[l6-)^l[^fT3l 


t 

0.260 ±0.010 
(6 604 ± 0.254) 

1 


) 



W^L^W^^J^WWW^S 



0.300-0 325 



(7.620-8 255) 



S 



0.009-0 015 
(0.229-0.381) ' 



0.325 



+0 025 



8.255 



+0 6351 



0.130 ±0.005 
(3.302 ±0.127) 



0.045-0.065 
(1.143-1.651) 



0.015 

(0.381 )~\ 
MIN 



0.125 T" 
(3.175) 
MIN 



mum 



0.050-0.085 
(127-2.159) 
0.100 ±0.010 



(2.540 ± 0.254) 



KKKKKP 




T 

0.065 

(1.651) 

TYP 



0.018 ±0.003 
" (0.457 ± 0.076) 



N Package 
28-Lead Molded DIP 



1.455 

' (36.957) 

MAX 



[is] [27] [ii] [25I [2TI [23] [22I [21I [20I Fil Rsl rrri [lil IIFI 



0.505-0.560 
(12 827-14.224) 



) 



W^^JWL^^WLjJIjJtioJW^lisJlHJ 



600-0.625 




0.130 ±0 005 
(3.302 ±0.127) 



0.015 

(0.381 )~\_ 
MIN 



RMH 



(3.175) 
MIN 



u 



0.035-0 080 
(0.889-2.032) 
0.100 ±0 010 



(2.540 ±0 254) 




KKKKP 



0.070 

(1.778) 

TYP 



0.018 ±0003 
(0.457 ± 076) 
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PACKAGE DIMENSIONS 



SO Package 
8-Lead Small Outline 



0.189-0197 




12 3 4 



0.010-0.020 
(0.254-0.508) 



x45° 



0053-0.069 
(1.346-1.752) 



jT 



T 0.016-0.050 

0°-8°TYP 0.406-1.270" 



0.008-0.010 
^ (0.203 - 0.254) 



0.014-0.019 
(0.355-0.483) 



0.004-0.010 
(0.101-0.254) 

± 



0050 



(1.270) 
BSC 



SO Package 
14-Lead Small Outline 



0.228-0 244 
(5.791-6.197) 



0.337-0.344 
(8.560-8.738) ' 



14 13 12 11 10 9 

R R R R R R R 




12 3 4 5 6 7 



H 

I— n°- 



0.010-0.020 , 



(0.254-0.508) 



0.008-0.010 
(0.203-0.254) 



0.053-0.069 
(1.346-1.752) 



0.004-0.010 



0°-8°TYP 



0.016-0.050 



0.406-1.270 




(0.355-0.483) 



(1.270) 
TYP 
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PACKAGE DIMENSIONS 



SO Package 
16-Lead Small Outline 







< 

16 

n 


15 

R 


0.386-0.394* 
(9.804-10.008) 

14 13 12 11 

R R R R 


>■ 

10 9 

R R 


t 


-0.244 
-6.197) 


0.228 - 

(5.791 - 








1 


' 


-\ 


H 


y y y y 


y H 



0.150-0.157 * 
(3 810-3 988) 



0°-8°TYP 



0.010-0.020 
(0.254-0.508) 



x45° 



/" 



0.053-0.069 
(1.346-1.752) 



0.008-0.010 
(0.203-0.254) 



uL-t 



0.016-0.050 



0.014-0.019 
(0.355 - 0.483) " 



0.050 



(1.270) 
TYP 



(0.101-0.254) 

± 



*THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. 
MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 



SOL Package 
16-Lead Small Outline (Wide) 




0.291-0.299 . 

(7.391-7.595) 
(NOTE 2) 
0010-0.029 x450 , 



(0.254-0.737) 



NOTE1 



0.398-0413 

(10.109-10.490) 

(NOTE 2) 

16 15 14 13 12 11 10 



PPPPPPPP 




dddddddd_ 



1 2 3 



0.394-0.419 
(10.007-10.643) 



0.093-0.104 
(2.362-2.642) 



0.037-0.045 
(0.940-1.143) 



L 



0.009-0.013 
(0 229-0 330) 



NOTE1 



0.016-0.050 



(0.406-1.270) 



-8° TYP 




0.050 J 
(1.270)"^ 
TYP 

0.014-0.019 



(0.356-0.482) 
TYP 



NOTE: 

1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. soueoaa 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 



SOL Package 
18-Lead Small Outline (Wide) 



, 0.447-0 463 , 

(11.354-11.760) 

(NOTE 2) 

18 17 16 15 14 13 12 11 10 

ppppppppp 




NOTE: (0406-1.270) 

1. PIN 1 1DENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. SOL180392 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0.15mm). 

SOL Package 
20-Lead Small Outline (Wide) 



NOTE1 - 



. 496-0 512 

(12 598-13.005) 

(NOTE 2) 

20 19 18 17 16 15 14 13 12 11 

PDPPPPPPPP 



005 
(0.127) 
RAD MIN 



291-0 299 




dbddbddtJbd 



0.394-0 419 
(10.007-10.643) 



(7.391-7.595) 
(NOTE 2) 
010-0.029 



(0.254-0.737) 



x45° 



"I 



i_ 



0.009-0 013 
(0.229-0.330) 



093-0.104 
(2.362-2.642) 



016-0 050 



NOTE: 



(0.406-1.270) 



-8°TYP 



1 



037 - 0.045 
(0.940-1.143) 

L 



050 

(1.270) 

TYP 



(0.356-0.482) 
TYP 



I 



T 



0.004-0 012 
(0102-0.305) 



1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 



SOL Package 
24-Lead Small Outline (Wide) 



598-0.614 



(15.190-15.600) 

(NOTE 2) 

24 23 22 21 20 19 18 17 16 15 14 13 

DDPPPPPPPPPP 



0.005 
(0.127) 
RAD MIN 



_ 291-0 299 , 

(7.391-7.595) 
(NOTE 2) 

0-010-0029 x 4 5 o_j 
(0.254-0.737) ^ 



bbbbbbbbbbbb 



394-0 419 
(10 007-10 643) 



093-0.104 
(2 362-2.642) 




1 



037-0.045 
(0.940-1.143) 



050 

(1.270) 

TYP 



-I k 



014-0 019 



(0 356-0 482) 



f~f 



004-0 012 
(0102-0 305) 



NOTE: (0.406-1.270) 

1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS. 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS. MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 0.006 INCH (0 15mm). 



SOL Package 
28-Lead Small Outline (Wide) 

„ 0.697-0 712 : 

(17.70-18.08) 

(NOTE 2) 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 

PPPPPPPPPPPPPP 



0.005 
(0.127) 
RAD MIN 



__ 0.291-0 299 , 

(7.391-7.595) 
(NOTE 2) 

010-0-029 x45 °-*\ 
(0 254 - 0.737) x4 ° ~q 



1 2 3 4 5 6 7 8 9 10 11 12 13 14 



0.394-0 419 
(10 007-10.643) 



093-0.104 
(2 362-2.642) 



3 



0.009-0.013 
(0.229-0.330) 

NOTE: 



NOTE1 



016-0 050 



(0 406-1.270) 



0°-8°TYP 



i- 



050 J 
(1.270)""^ 
TYP 

014-0.019 



(0.356-0.482) 



m 



0.037-0 045 
(0.940-1.143) 



T 



004-0 012 
(0102-0 305) 



1. PIN 1 IDENT, NOTCH ON TOP AND CAVITIES ON THE BOTTOM OF PACKAGES ARE THE MANUFACTURING OPTIONS 
THE PART MAY BE SUPPLIED WITH OR WITHOUT ANY OF THE OPTIONS. 

2. THESE DIMENSIONS DO NOT INCLUDE MOLD FLASH OR PROTRUSIONS MOLD FLASH OR PROTRUSIONS SHALL NOT EXCEED 006 INCH (0.15mm). 
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PACKAGE DIMENSIONS 



G Package 
28-Lead Shink Small Outline 



205-0.212 



(5.20-5.38) 



PARTING 
LINE 



V 



045 
(1.14) 



045 
(1.14) 



B 0.397-0 407 

(10.07-10.33) 

28 27 26 25 24 23 22 21 20 19 18 17 16 15 



■*-& 



rj 



uuuuuuuuuuuuu: 

2 3 4 5 6 7 8 9 10 11 12 13 14 



301-0 311 
(7 65-7 90) 



066-0 070 
(1.68-1.78) 



W 



068-0 078 
(173-199) 



ffi 



0.005-0 009 
(0.13-0 22) 



022-0 037 
(0 55-0 95) 



V- 



O0256 J I 
(0 65) ^ r*~ 
BSC 

0.010-0 015 



(0.25-0 38) 



i_,. 



002-0 008 
(0 05-0.21) 



./ >~jP technology 
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U.S. Area Sales Offices 



NORTHEAST REGION 

Linear Technology Corporation 

One Oxford Valley 
2300 E. Lincoln Hwy.,Suite 306 
Lang ho me, PA 19047 
Phone: (215)757-8578 
FAX: (215)757-5631 

Linear Technology Corporation 

266 Lowell Street 
Suite B-8 

Wilmington, MA 01 887 
Phone: (508) 658-3881 
FAX: (508) 658-2701 



SOUTHEAST REGION 

Linear Technology Corporation 

1 7060 Dallas Parkway 
Suite 208 
Dallas, TX 75248 
Phone: (214)733-3071 
FAX: (214)380-5138 

CENTRAL REGION 

Linear Technology Corporation 

Chesapeake Square 

229 Mitchell Court, Suite A-25 

Addison, IL 60101 

Phone:(708)620-6910 

FAX: (708) 620-6977 



SOUTHWEST REGION 

Linear Technology Corporation 

22141 Ventura Blvd. 
Suite 206 

Woodland Hills, CA 91364 
Phone: (818)703-0835 
FAX: (818)703-0517 

NORTHWEST REGION 

Linear Technology Corporation 

782 Sycamore Dr. 
Milpitas, CA 95035 
Phone: (408)428-2050 
FAX: (408)432-6331 



International Sales Offices 



FRANCE 

Linear Technology S.A.R.L. 

Immeuble "Le Quartz" 

58 Chemin de la Justice 

92290 Chatenay Malabry 

France 

Phone: 33-1-41079555 

FAX: 33-1-46314613 

GERMANY 

Linear Techonolgy GMBH 

Untere Hauptstr. 9 

D-8057 Eching 

Germany 

Phone: 49-89-3197410 

FAX: 49-89-3194821 



KOREA 

Linear Technology Korea Branch 

Namsong Building, #505 

Itaewon-Dong 260-199 

Yongsan-Ku, Seoul 

Korea 

Phone: 82-2-792-1617 

FAX: 82-2-792-1619 

SINGAPORE 

Linear Technology Pte. Ltd. 

101 Boon Keng Road 
#02-15 Kallanglnd. Estates 
Singapore 1233 
Phone: 65-293-5322 
FAX: 65-292-0398 



TAIWAN 

Linear Technology Corporation 

Rm. 801, No. 46, Sec. 2 
Chung Shan N. Rd. 
Taipei, Taiwan, R.O.C. 
Phone: 886-2-521-7575 
FAX: 886-2-562-2285 

UNITED KINGDOM 

Linear Technology (UK) Ltd. 

The Coliseum, Riverside Way 
Camberley, Surrey GU15 3YL 
United Kingdom 
Phone: 44-276-677676 
FAX: 44-276-64851 



JAPAN 

Linear Technology KK 

5F YZ Bldg. 

lidabashi, Chiyoda-Ku 
Tokyo, 102 Japan 
Phone: 81-3-3237-7891 
FAX: 81-3-3237-8010 



World Headquarters 

Linear Technology Corporation 

1630 McCarthy Blvd. 
Milpitas, CA 95035-7487 
Phone: (408)432-1900 
FAX: (408)434-0507 
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